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 Abstract 
 
The aim of this research is to explore the application of natural biopolymer chitosan for 
the purpose of incorporating fragrance oil into automotive fabrics and its antimicrobial 
properties relevant to automotive interior textiles. Chitosan was selected for this study 
for its film forming ability and inherent antimicrobial attributes. 100% polyester 
automotive fabrics were used in this study, as 100% polyester is predominant fibre used 
for automotive interior textiles. Application of strawberry fragrance oil was firstly 
studied on 100% polyester woven fabric treated with chitosan as a binder by pad-dry-
cure process. It was concluded that the fragrance oil, due to its volatility, was not 
durable on the fabric. Subsequently, the application of microencapsulated strawberry 
fragrance oil was studied to overcome the low durability issue. The microencapsulated 
fragrance oil was applied to the greige, as well as finished, commercial 100% polyester 
automotive woven and knitted fabrics, in combination with chitosan. The treated fabrics 
were then assessed for smell retention. The new qualitative sensorial evaluation method 
was specifically developed for this study. It was concluded that application of the 
microencapsulated fragrance oil to the 100% polyester fabrics in combination with 
chitosan produced durable fragrance finish. The treated fabrics were also assessed for 
their antimicrobial properties. For the purpose of this evaluation a modified standard 
test method was designed. The assessment of the results indicated that the fabrics 
treated with microencapsulated fragrance oil in combination with chitosan displayed 
excellent antimicrobial properties. The study concluded that the use of chitosan as a 
binder for the application of microencapsulated fragrance oil results in high fragrance 
retention in 100% polyester automotive fabrics and also produces excellent 
antimicrobial attributes in these fabrics. Therefore, chitosan with microencapsulated 
fragrance oil can be utilised to develop automotive textiles to achieve the necessary 
antiodour and antimicrobial properties.  
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1. Chapter 1 
Background research 
1. Introduction 
Automotive textiles have been classified as belonging to a category called Mobiltech 
which is one of the mainstreams of technical textiles [2]. Technical textiles provide 
significant opportunities for business to achieve sustainable growth to escape from the 
tough competitive environment faced by traditional textile manufacturers. Technical 
textile products are mainly used for their performance or functional characteristics 
rather than for their aesthetics. 
End uses served by technical textiles are numerous and diverse. They include 
agriculture and horticulture, architecture, building and construction, clothing 
technology, geotextiles, functional textiles and automotive textiles. 
Recently car interior textiles as a part of automotive textiles (mainly the seat coverings) 
have become more significant. New seat covering products offer various functional 
characteristics such as water repellence, stain resistance and much more. As the 
standards of living are increasing and consumers demand for more comfort and quality, 
this has led the automotive industry to come up with new features to attract and satisfy 
those consumers. 
Recent developments in antiodour and antimicrobial properties, along with the review 
of automotive textiles, have been reported in this chapter.    
1.1. Technical textiles  
Technical textiles are defined as ‘textile materials and products intended for end-uses 
other than non-protective clothing, household furnishing and floor covering, where the 
fabric or fibrous component is selected principally but not exclusively for its 
performance and properties as opposed to its aesthetic or decorative characteristics’ [1].  
Techtextil gives a definition of technical textiles based on main end-use markets (Table 
1.1). These terms classified by Techtextil [2] are market based but not used universally. 
However, this classification provides the structure and end-use markets for technical 
textiles in general.   
 
 
  
2 
Table 1.1. End-use based classification of technical textiles [6]  
Description  Markets/ applications  
Agrotech  Agriculture, aquaculture, horticulture and forestry  
Buildtech  Building and construction  
Clothtech  Technical components of footwear and clothing  
Geotech  Geotextiles for landscaping and civil engineering  
Hometech  Technical components of furniture, household textiles, and floor 
coverings  
Indutech  Filtration, conveying, cleaning and other industrial uses  
Medtech  Hygiene and medical  
Mobiltech  Automobiles, shipping, railways and aerospace  
Oekotech  Environmental protection  
Packtech  Packaging  
Protech  Personal and property protection  
Sporttech  Sports and leisure  
 
Looking at the overview of world end-use consumption analysis by the application area 
in Mobiltech the growth is significant from 1995 to the forecasted figures in 2010 
(Figure 1.1). The growth is almost expected to be almost 15 % from 2005 to 2010 [2].  
1995
2000
2005
2010
2117
2479
2828
3338
1
2
3
4
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rr
es
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n
di
n
g 
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ar
Value in 1000 Tonnes
 
Figure 1.1: World end-use consumption analysis by the application area in 
Mobiltech [2] 
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It is distinctive for the technical textiles that the production is mainly concentrated in 
highly developed countries. The production of technical textiles is increasing faster than 
of conventional textile products i.e. clothing and household textiles. For instance, in 
Germany in 2000, the largest percentage of the whole textile production 37% accounts 
for technical textiles, followed by textiles for clothing and household textiles (Figure 
1.2 [3]). 
Technical 
Texti le , 37%
Household 
Textile , 27%
Clothing 
Texti le , 36%
 
Figure 1.2. The structure of textile production in Germany in 2000 [3] 
Technical textiles and household textiles were almost similar in the consumption market 
but were very low compared to apparel usage. PCI Consulting Group [4] reported that 
in 2004 the global market for fibres totalled 64 million tons. The main end-uses were 
apparel (65%), household textiles (18%) and technical textiles (17%). Quantities of 
approximately 64 million tons of fibres were consumed worldwide in 2004, with 
manufactured fibres being 40 million and natural fibres 24 million tons respectively. 
The breakdown was polyester (40%), cotton (36%), polypropylene/other olefins (7%), 
polyamide (6%), acrylic (4%), regenerated cellulosic fibres (4%) and wool (2%)  
(Figure 1.3 [4]). From Figure 1.4 it can be seen that polyester was worldwide very 
popular in terms of usage and surpassed the usage of cotton. 
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Percentage of Usage of Total fibre Consumption 
Globally in 2004 
Apparel, 65%
Household 
textiles, 18%
Technical 
Textiles, 17%
Apparel
Household textiles
Technical Textiles
 
Figure 1.3.  Percentage of usage of total fibre consumption globally in 2004 
 
Breakdown Percentage of Fibres Used worldwide in 
2004
40%
36%
7%
6%
4%
4% 2%
Polyester
Cotton
Polypropylene/other
olefins
Polyamide
Acrylic
Regenerated cellulosic
fibres
Wool
 
Figure 1.4.  Breakdown percentage of usage of total fibre used globally in 2004 
Apart from Techtextil few others have tried to classify the application based textiles for 
end-use markets. Johnson et al. [5] described the multitude of the classification of 
textile fibres from a modern perspective as shown in Figure 1.5. 
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Figure 1.5.  Diversified areas of application of textile fibres [5]  
The automotive textile falls under the classification of land transportation. This 
classification shows how the different fibres are prepared for specific end use 
application in particular textile industries. The global market of technical textiles was 
worth 60,270 US$ million in 2000 and of that market 13,080 US$ million (21.7%) was 
transport textiles alone. The growth was expected to reach 2.2% by volume by the end 
of 2005 [6]. Therefore new and innovative technological approaches should be 
addressed for this growing industry to satisfy consumer needs for comfort and hygiene. 
1.2. Automotive Textiles 
Automobiles are the products that consume on average of 20kg of textile material per 
unit [7]. Besides the evident use in seat covers, other elements such as carpets, body 
liners, safety belts and air bags also have textile applications and textile structures are 
applied in as flexible reinforcement for tyres, water hoses, brake pipes, bumpers and 
various types of belts [8,9]. Figure 1.6 shows textile application in different areas of 
automobiles.  
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Figure 1.6.  Automotive textile applications [10]  
The requirements for textiles and textile structures used in automotives are different 
from those used in clothing and other applications. The performance of these 
automotive textiles depends on the fibre properties, fabric structures and various 
finishes used in the manufacturing processes. Below is a brief account of the major 
fibres that are used in the manufacturing of automotive textiles.  
1.2.1. Polyester 
Polyester is a polymer which contains recurring ester groups as an integral part of the 
main polymer chain. The structure shown in Figure 1.7 is polyethylene terephthalate 
(PET); it consists of ethylene groups and terephthalate groups.  
 
Ester group in polyester chain 
 
Terephthalate and ethylene group 
Figure 1.7.  Chemical structure of polyester [11] 
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The ester groups in the polyester chains are polar, with the carbonyl oxygen atom 
having a negative charge and the carbonyl carbon atom having a positive charge. The 
positive and negative charges of different ester groups are attracted to each other. This 
allows the ester groups of nearby chains to line up with each other in crystalline form 
and thus form strong fibres [11].  
PET fibres have an excellent resistance to chemicals. Also they have very good 
resistance to acids, but are less resistant to alkali and are not affected by any of the 
bleaching agents. Physical and chemical properties of polyester are listed in Tables 1.2 
and 1.3 respectively.   
Table 1.2. Chemical properties of PET fibre [12] 
Reactivity Behaviour Remarks 
Acid Less or no activity Excellent resistance 
Alkali Less activity Good resistance 
Bleaching Agents Less or no activity Excellent resistance 
Microorganisms Less or no activity Excellent resistance 
Insects Less or no activity Excellent resistance 
Table 1.3.  Physical properties of PET fibre [12]  
Property Unit Value Remarks 
Tenacity cN/tex 50 High 
Elongation % 20-30 High 
Abrasion Resistance _ _ Very high 
Specific Gravity _ 1.38 _ 
Latent heat of fusion KJ/mol 0.84 -1.20 _ 
Thermal conductivity W.m-1.K-1 0.17 _ 
Effect of sunlight _ _  Durable 
 
Properties like high tenacity, high resistance to abrasion and excellent resistance to 
direct exposure to sunlight make polyester a very popular fibre for automotive textiles. 
Now almost 90% of the fibres used in car seats are polyester [7].  
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1.2.2. Polyamides (Nylon 6 and Nylon 6, 6) 
Polyamides contain recurring amide groups as an integral part of the main polymer 
chains as shown in Figure 1.8. Nylon 6 is one of the most common forms of polyamides 
used as a fibre and being thermoplastic can have other end uses as well.  
  
Position of amide group in the nylon 6, 6 polymer chain 
 
Six carbon atoms on both sides of amide group 
Figure 1.8.  Chemical structure of nylon 6, 6 [13]  
Nylon fibres are also highly crystalline like polyester and this is attributed to the regular 
and symmetrical polymer chain [13]. From Tables 1.4 and 1.5 it can be seen that nylon 
fibres show good chemical resistance to many chemicals except for hot mineral acids 
and excellent physical properties like high tenacity and abrasion resistance. 
Table 1.4. Chemical properties of Nylon [12]  
Reactivity Behaviour Remarks 
Acid Decompose in hot mineral 
acids 
Low resistance 
Alkali No activity Excellent resistance 
Bleaching agents Less or no activity Excellent resistance 
Microorganisms Less or no activity Excellent resistance 
Insects No activity Excellent resistance 
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Table 1.5.  Physical properties of Nylon [12] 
Property Unit Value Remarks 
Tenacity cN/tex 36.2-39.7 High 
Elongation % 37- 40 High 
Abrasion Resistance _ _ High 
Specific Gravity _ 1.14 _ 
Latent heat of fusion KJ/mol 1.65 _ 
Thermal conductivity W.m-1.K-1 0.11 _ 
Effect of sunlight _ _ Gradual loss of strength 
 
The effect of direct exposure to sunlight is moderate for nylon, as strength loss is 
observed depending upon the amount of surface exposed and size or diameter of 
exposed filaments. Nylon was very popular for automotive textiles when it was first 
introduced and now nylon 6, 6 and nylon 6 fibres are still used in upholstery, airbags, 
filter mediums, headliners and tyre reinforcements [14]. 
1.2.3. Polypropylene 
Polypropylene is one of the multipurpose polymers which are used as fibre. As a fibre, 
polypropylene is used to make indoor-outdoor carpeting. Polypropylene is hydrophobic 
in nature and can be pigment coloured and photo stabilised easily during manufacturing. 
Hence it performs well for outdoor carpet. Structurally, it`s a vinyl polymer, except that 
on every carbon atom in the backbone chain it has a methyl group attached to it. 
Polypropylene can be made from the monomer propylene by Ziegler-Natta 
polymerisation (Figure1.9) and by metallocene catalysis polymerisation [15]. 
 
Figure 1.9.  The Ziegler-Natta polymerisation to make polypropylene [15]  
Table 1.6 and Table 1.7 show the chemical and physical properties of polypropylene 
respectively. 
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Table 1.6.  Chemical properties of polypropylene [12]  
Reactivity Behaviour Remarks 
Acid No activity Excellent resistance 
Alkali No activity Excellent resistance 
Bleaching agents Less or no activity Excellent resistance 
Microorganisms Less or no activity Excellent resistance 
Insects no activity Excellent resistance 
Table 1.7.  Physical properties of polypropylene [12]  
Property Unit Value Remarks 
Tenacity cN/tex 26.5-44.1 High 
Elongation % 15-25 High 
Abrasion Resistance _ _ High 
Specific Gravity _ 0.90-0.91 _ 
Thermal 
conductivity 
W.m-1.K-1 0.12 Warmest of all fibres 
Effect of sunlight _ _ Deteriorate on exposure to sunlight 
 
As a fibre, polypropylene has good chemical resistance to acid, alkali, bleaching agents, 
microorganisms. It also has high tenacity, elongation and low thermal conductivity. 
Because of the low thermal conductivity it is the warmest of all commercial fibres 
available and used in carpets and floor coverings in automotive industry. 
In addition to the fibres discussed above other fibres such as acrylic, wool, viscose and 
high performance fibres such as para-aramid and glass fibres are also utilised in a small 
quantity in the automotive industry for specific end-use [16].  
The above fibres and their properties are utilised in the manufacturing of technical 
textiles. Based on the discussion above it was found the most suitable fibre for 
automotive upholstery is polyester.  
1.3. Manufacturing process of technical textiles  
The manufacturing and the finishing process of technical textile and automotive seat 
cover fabrics are needed to be explored in order to determine the step where the current 
study application would fit in. Figure 1.10 shows the manufacturing process for 
technical fabrics which are made of synthetic polymers such as Polyesters (PET), 
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Polyamides (PA) and Polypropylenes (PP). These polymers are processed and made 
into textiles or textile structures to facilitate the end use.      
 
                  
Figure 1.10.  Manufacturing process flow chart of technical textiles [17] 
In filament form the polymer undergoes different manufacturing processes to be 
finished as technical fabrics, threads or yarns. The automotive fabrics that are produced 
by woven, knitted (both warp and weft) together with the new innovative modern 
process of 3D knitting, undergo various finishing processes before being fitted onto the 
car seats.  
Figure 1.11 shows the manufacturing process flow chart for finishing of automotive seat 
fabrics for woven and knitted fabrics [7,18]. The woven, warp knit and weft knit 
manufacturing processes are conventional to the industry but the three dimensional 
knitting is a modern process which involves 3D knitting and heat stabilising for making 
the fabric fit to the seat. 
Synthetic polymers (PET, PA, PP) 
Filament 
Multi-Filament 
Texturing 
Twisting 
Thread 
Spun bond Meltblown 
Nonwoven bonding 
Finishing 
(Coating, laminating) 
Weaving Knitting 
Technical fabric 
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The dyeing step is omitted when solution-dyed yarn is used. The application step for the 
introduction of possible fragrance finish on the automotive seat fabrics before the 
lamination step for woven and conventional knitting process can also be done after 
knitting in 3D knitting process because there is no lamination process involved. 
The study so far has dealt with the definitions, scope and manufacturing processes of 
major fibres used in technical textiles as well as automotive textiles in general. In 
addition to this, antiodour and antimicrobial finishing was explored further in this 
chapter. As this research aims at automotive upholstery and explores possible 
application methods to impart antiodour and antimicrobial finish, the main focus of 
research will be on the textile substrate and its behaviour towards these finishes in terms 
of sustainability and effectiveness. 
Yarn 
Texturise 
Package dye 
Warp/beam 
Weave 
Scour 
Stenter/finish 
Laminate 
Cut/Sew 
Fit to seat 
Yarn 
Texturise 
Warp/beam 
Warp knit 
Brush/crop 
Stenter/preset 
Scour/dye  
Stenter 
Brush 
Yarn 
Texturise 
Package dye 
Cone 
Weft knit 
Shear 
Scour 
Stenter finish 
Laminate 
Yarn 
Texturise 
Package dye 
Cone 
3D knit 
Heat stabilize 
Fit to seat 
Stenter finish 
Laminate 
Cut/sew 
Fit to seat 
Cut/sew 
Fit to seat 
Woven process Warp Knit 
process 
Weft Knit 
process 
Three 
Dimensional 
Figure 1.11.  Manufacturing process flow chart of woven and 
knitted fabrics finishing for automotive seat fabrics 
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Recent years have shown vast evidence of research in the area of finishing of textiles to 
impart functional properties such as antiodour or fragrance finishing, antimicrobial 
finishing, cosmeto textiles for skin care and so on. There is now an increasing new trend 
for these kinds of finishes because they provide consumers with an added value to the 
textile products. With steady improvement of technology and application procedures, it 
has become easier to impart these kinds of value addition to consumable textiles. The 
finishing process of textiles is one of the main factors which determines the desired 
effects for the ultimate consumer product and so it is an essential step in manufacturing. 
The aesthetic value and the functional properties depend on the performance of the 
finish applied to the textile substrates.   
For car interiors, malodour may be generated from smoking, spillage of food items and 
many other external reasons along with the microbial growth on textiles (discussed in 
detail in section 1.5). Because an automotive interiors undergo less general cleaning in 
their life span, malodour and hygiene are of main concern. The application of fragrance 
in the interior fabrics will not only mask these kinds of malodour but also restrict the 
occurring of antimicrobial growth. It will also give desired aromatic effects to the 
finished textiles. Until now limited research has been conducted on automotive interiors 
for antiodour or fragrance finishing. The antimicrobial aspect for automotive end use 
was also ignored or not fully explored on the commercial level. As there is an increase 
in living standards and consumers want more value added and functional products for 
car interiors, there is a need of these kinds of novel finishes to be incorporated into 
automotive textiles. Following is a broad of discussion on the nature of the human 
smelling process, odour detection and antiodour, fragrance and antimicrobial finishing. 
1.4.1. Sense of smell 
The sense of smell is not fully understood and after extensive research two United 
States researchers Richard Axel and Linda Buck reported that approximately 1000 
genes are behind the human ability to recognise and archive a massive number of 10000 
odours. The human nose identifies smell via 350 olfactory receptors in a patch of cells 
at the top of the nasal cavity mostly known as the olfactory epithelium. These acute 
receptors receive distinct fragrances or odours that arrive through the nose. When a 
receptor catches a molecule from a specific odourant, it instantaneously sends an 
electrical signal containing the chemical information captured by the olfactory bulb, 
which is a tiny section of the brain and further combines with the brain’s cortex to 
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recognise the smell [19]. The different smells which have different effects on humans 
are often found in essential oils (Table 1.8).  
1.4.2. Antiodour and Fragrance Finishing 
Antiodour and fragrance finishing is a process where the substrate is subjected to the 
inclusion of fragrance/essential oils which are reputed to give effects such as sedation, 
hypnogenesis, curing hypertension and many more (Table 1.8). The term 
`Aromachology` [20]  was coined in 1982 to denote the field that is dedicated to the 
study of the interrelationship between psychology and fragrance technology to elicit a 
variety of specific feelings and emotions – such as relaxation, exhilaration, sensuality, 
happiness and well-being – through odours via the stimulation of olfactory pathways in 
the brain, especially the limbic system [21].  
Table 1.8. Pharmaceutical effects of essential oils [22,26,23] 
Effects Essential Oil 
Sedation Mint, onion, lemon, metasequoia 
Coalescence Pine, clove, lavender, onion, thyme 
Diuresis Pine, lavender, onion. thyme, fennel, lemon, metasequoia 
Facilitating Menses Pine, lavender. mint, rosemary, thyme, basil, chamomile, cinnamon, 
lemon  
Dismissing sputum Onion, citrus, thyme, chamomile 
Allaying a fever  Ginger, fennel, chamomile, lemon 
Hypnogenesis Lavender, oregano, basil, chamomile 
Curing Hypertension Lavender. fennel, lemon, ylang-ylang 
Be good for stomach Pine, ginger, clove, mint, onion, citrus, rosemary, thyme, fennel, basil, 
cinnamon 
Diaphoresis  Pine, lavender, rosemary, thyme, chamomile, metasequoia 
Expelling wind Ginger, clove, onion, citrus, rosemary, fennel, lemon 
Losing weight Onion, cinnamon, lemon 
Relieving pain  Vanilla, lavender. mint, onion, citrus, rosemary, chamomile, cinnamon, 
lemon 
Detoxification Lavender 
Curing diabetes Vanilla, onion, chamomile, lemon 
Stopping diarrhea Vanilla, ginger, clove, lavender. mint, onion, oregano, rosemary, 
thyme, chamomile, cinnamon, lemon 
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Curing flu  Pine, lavender, mint, onion, citrus, rosemary, thyme, chamomile, 
cinnamon, metasequoia  
Curing rheumatism Lavender, onion, citrus, rosemary, thyme, metasequoia 
Urging sexual passion Pine, ginger, clove, mint, onion, rosemary, thyme, fennel, cinnamon 
Promoting appetite Clove, lavender, mint, onion, citrus, rosemary, fennel, basil, 
chamomile, cinnamon, lemon, metasequoia 
Relieving cough Rosemary 
 
A new branch of textiles involves the incorporation of these essential oils onto textile 
substrates for daily use and this branch is known as “Aromatherapy textiles [20]”. The 
incorporation of these fragrance oils for automotive interiors was one of the main 
objectives of the current study and to achieve this inclusion, a proper binder was 
necessary. The function of the binder is to retain the fragrances onto the fabric which 
will mask the malodour generated inside the car and keep the desired car interior 
environment. Table 1.9 gives the common criteria for the different possibilities of 
antiodour or fragrance finishing of textiles. 
Table 1.9. Possibilities of deodorising textiles [24] 
Principle Method 
Covering Mostly by spraying of perfume 
Removal Airing 
Removal Washing out odorous substances 
Removal Adsorption of odorous substances like in cyclodextrines or on 
active carbon  
Decomposition Ozonisation 
Decomposition Catalytic oxidation with air at room temperature 
Prevention Antimicrobial finishes or fibre modifications hinder the 
decomposition of sweat 
 
Spraying of perfumes and airing or washing out are not a permanent solution for 
fragrance incorporation, as these are temporary treatments for removal of the malodour. 
However, incorporation of cyclodextrin or antimicrobial agents to the fabric has been 
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the focus of research in the past decade and is becoming more popular. There are three 
main possibilities of storing the fragrance on to the textiles as shown in Table 1.10. 
Table 1.10.  Possibilities for storing and releasing chemicals by finishing of textiles 
[24]  
Principles Advantages and disadvantages  
1. Enclosure by complex formation with cage 
compounds like cyclodextrines fixed with 
primary or secondary valence forces to the 
fibre  
Biodegradable and harmless, but restricted to 
molecules of fitting shape and polarity 
(hydrophobicity); only for small amounts 
(saturation); need of regeneration 
2. Enclosure in micro bubbles from 
polyurethane or silicone, binder fixation to the 
fiber surface, release by bursting of the 
bubbles through rubbing 
Suitable for all aggregate states, fewer 
restrictions on the amount and polarity, but the 
binder film with the micro bubble changes 
textile properties like softness, wetting, air and 
vapour permeability    
3. Adsorption in porous metal oxide films,  
fixed as a polymer network on the fibre 
surface, release by evaporation or transfer in 
liquid form by wetting 
High capacity for storage of preferably liquid 
effect chemicals; only few restrictions on their 
molecular size or polarity but the oxide film 
changes textile qualities like softness; causes a 
harder hand and problems during sewing 
(needle abrasion) 
 
The major problem using cage compounds like cyclodextrin is when it involves 
incorporation of fragrance compounds into textiles, because of the volatile nature of the 
fragrances the smell dissipates after a certain time period. B. Martel et al. [25] 
conducted a study on the behaviour of different cyclodextrins using six different 
fragrance molecules on cotton, wool and polyester fabrics. The efficiency of the 
different cylclodextrins varied and γ-cyclodextrin was the most effective one and the 
durability of the fragrant effect was directly dependent on the amount of cyclodextrin 
grafted onto the fabric. The study was undertaken over a period of one year where the 
evaluated samples mostly lost their fragrant effect during that period. In a different 
study Priyanka B. et al. [26] reported using ß-cyclodextrin utilising a padding and 
exhaust method and mechanism of releasing was obtained with diffusion, enzymatic 
digestion and surface leaching through chemicals but the durability of the finish was not 
reported.    
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The second option, shown in Table 1.10, is the enclosure of the fragrances into micro-
bubbles and release by bursting the bubbles by external action such as abrasion or 
rubbing. This method is also referred to as microencapsulation; and this technique is 
very popular for its versatility in terms of application. The volatile nature of the 
fragrances is minimised and the durability is increased by a significant margin with the 
process of microencapsulation. Thus the techniques of microencapsulation and its 
application needed to be explored further. 
The third possibility as shown in Table 1.10 involves adsorption in porous metal oxide 
films, fixed as a polymer network on the fibre surface. These finishes affect the quality 
of textiles such as softness and handle and cause problems in downstream processes like 
sewing.     
1.4.3. Microencapsulation 
The fragrance compounds and the essential oils are volatile substances. The most 
difficult task in preparing the fragrance finished textile is how to prolong the fragrant 
effect in the finished textiles. Microencapsulation is an effective and popular technique 
to solve this problem [27,28]. Microcapsules are miniature containers that are normally 
spherical if they enclose a liquid or gas, and roughly of the shape of the enclosed 
particle if they contain a solid. The material (core) enclosed in the capsule is protected 
from the environmental effects by the coating or covering as shown in Figure 1.12. The 
substance that is encapsulated may be called the core material, the active ingredient or 
agent, fill, payload, nucleus, or internal phase. The material encapsulating the core is 
referred to as the coating, membrane, shell, wall material or covering. Microcapsules 
may have one multiple shells arranged in strata of varying thicknesses around the core 
depending on the end use [29].  
 
Figure 1.12. Microcapsule core and covering [29]  
Covering Core 
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The covering must be able to release the encapsulated material when required either by 
mechanical action or external force. This property has enabled microcapsules to serve 
many useful functions and find applications in different fields of technology [30]. For 
example, the storage life of a volatile compound can be increased markedly by 
microencapsulating [31]. Substances may be microencapsulated such that the core 
compound within the capsules can last for a specific period. Core materials can be 
released gradually through the capsule walls which is known as controlled release or 
diffusion. External conditions triggering the capsule walls to rupture, melt or dissolve 
are the other possibilities of releasing the core material.  
The application of microencapsulation has reached a vast and diversified field. The 
different fields of application of microencapsulation have been shown in Figure 1.13. 
 
Figure 1.13. Different areas of application of microcapsules [32] 
Microencapsulation may be achieved by numerous techniques depending on specific 
end uses. There are different possibilities of manufacturing the microcapsules as shown 
in Figure 1.14. Obviously the different manufacturing depends on the end use of the 
microencapsulated materials.  
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Figure 1.14. Different methods to manufacture microcapsules [32] 
Table 1.11 shows the two main techniques of microcapsule manufacturing which are 
chemical processes and physical processes. 
Table 1.11. Chemical and physical techniques of microencapsulation [32]  
Microencapsulation techniques 
Chemical Physical 
Complex coacervation Spray drying 
Interfacial polymerisation Fluid Bed coating 
Polymer-polymer incompatibility(Phase 
separation) Centrifugal extrusion 
In situ polymerisation Rotational suspension (spinning disk) 
 Centrifugal force process 
 Submersed nozzle process 
     
The most common and economically feasible technique to prepare fragrance 
microcapsules is centrifugal extrusion. This method has become popular because of its 
low cost and continuous productivity. 
A typical procedure involves melting of the polymer shell material and dispersing or 
mixing the active ingredient in the successive step as shown in Figure 1.15. 
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Figure 1.15. Schematic diagram of centrifugal extrusion process [32]  
It is then extruded through and cooled. After cooling the liquid mass solidifies 
entrapping the active ingredient example as fragrances which may be volatile in nature 
and produces the microcapsules in the desired size or shape. The complex coacervation 
technique is also used to encapsulate fragrances but its applicability is limited because 
of high cost in production [32].    
1.4.4. Evaluation of smell intensity 
As discussed earlier the sense of smell is not well understood and subjective to the 
person evaluating it, and therefore currently it is very hard to standardise any method of 
quantification of the intensity of smell.  
B. Martel et al. [25] designed a qualitative evaluation method for smell intensity 
evaluation of cyclodextrin finished textiles. While the impregnation and exposure 
methods are discussed in detail in this design, the exact procedure followed for the 
smell evaluation was not mentioned. There is no explanation as to why a 0 to 4 scale is 
chosen, or what control samples were put in place to prevent experimental bias. The 
method is not precise, as stated; tests were performed at regular intervals, without 
specifying how long those intervals were; the total evaluation time was almost a year. 
None of the test methods used was described properly. Results are graphed, but only 
discussed in a vague qualitative sense, using words such as rather high, improvement, 
not so spectacular etc. without any further qualification.  
Wang et al. [33] also designed a qualitative method of sensorial evaluation of the 
cyclodextrin finished textiles using a well trained panel consisting of 10 persons. The 
scent intensity test was performed after every 5 days, but there was no detail given as to 
how the samples were calibrated and on what basis the intensity was measured; as there 
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were no control samples measured. The durability of scent finished textiles in this 
particular research was reported to be 30 days. 
A new method called SMOG (Systematic Measurement of Odour Gradation) to measure 
anti-smell properties of textiles was introduced by Reifler [34] as shown in Figure 1.16. 
 
 
Figure 1.16.  Principles of ‘SMOG’ method [34] 
This method is based on gas chromatography in the development phase. This method 
proposes automated measurement by gas chromatography and replaces sensory 
evaluation by test persons. The measured amount of volatiles, such as human sweat, 
perfume and cigarette smoke were developed in the treated samples and were used to 
calculate the Relative Odour Index (ROI) which was the quotient of the values for the 
treated and untreated textile substrate respectively. The results obtained from this 
method were influenced by the type of textile, finish, surface structure, exposure time, 
temperature and humidity. Therefore, results were specific for each of the combinations 
of the above mentioned criteria and cannot be generalised. The development of the 
SMOG method is in progress to maintain an absolute scale for tested samples. 
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1.5. Antimicrobial finishing 
Another possibility of the malodour besides the causes mentioned in section 1.4 is from 
microbial growth on the textile substrate. A variety of species of microorganisms like 
bacteria, fungi, mildew etc. can grow on the textile substrate provided that the substrate 
contains required nutrients for the microorganisms. These organisms not only cause 
undesired smell but also cause degradation of the textile by staining and deteriorating 
the fabric surface. The need to restrain the growth of microbes on to the textile substrate 
had led to the discovery of antimicrobial finishes. Figure 1.17 shows some common 
microorganisms which are harmful for humans as well as textiles [35].   
 
Figure 1.17. Some harmful microorganisms [35]  
Previous studies have shown that these microorganisms can grow on textiles and may 
cause undesired odour or staining to the textile substrate [36]. To prevent infection, 
infestation of microbes, malodour and staining or discolouration of textiles, 
antimicrobial finishing is necessary. 
There are many antibacterial agents that can be incorporated in textile substrates. These 
antibacterial agents are readily available in the market and are becoming more e popular 
with the consumers as they are getting more conscious about health and hygiene of 
textiles. Some commercially available antimicrobial agents are described in Table 1.12. 
 
 
 
  
23 
Table 1.12. Commercial antimicrobial agents [37]  
Antimicrobial 
agents 
Chemical composition Company Characteristics 
Sanitized-AG 
Halogenated phenoxy- 
and isothiazolinone 
derivates 
Sanitized AG, 
Switzerland 
_ 
Actigard _ Clariant For floor coverings 
Reputex 20 PHMB Zeneca Biosides Durable for cotton 
Sensil 555 _ 
Senka corporation, 
Japan 
Antimicrobial and deodorant 
finish for cellulosics 
Q-5700 
Quaternary amine 
incorporated in silane 
Dow Corning, UK _ 
Ultrafresh range _ 
Thomson Research 
Associates, Canada 
Odour protection and anti-
staining 
Steri-septic range _ 
Thomson Research 
Associates, Canada 
Cationic, anionic and nonionic 
are available for cotton and 
polyvinyl fibres 
Hyfresh range _ Daiwa, Japan _ 
Biosil 
Organic silicones with 
quaternary ammonium 
compounds 
Toyobo, Japan _ 
Peach fresh 
Quaternary ammonium 
compounds 
Nissihinbo, Japan For polyester fibres and fabrics 
Aegis microbe 
shield 
3-(trimethoxysilyl propyl 
dimethyl octadecyl 
ammonium chloride) 
PPT, UK 
Combat growth candida and 
yeast that causes thrush 
Sanitan 
Quaternary ammonium 
compounds 
Kunary, Japan For polyester fibres and fabrics 
Tinosan range 
Triclosan based on 2,4,4’-
trichloro-2’- hydroxyl-
diphenyl ether 
CIBA specialists 
chemicals, 
Switzerland 
Durable treatment for cotton, 
polyester, polyamide, acrylic 
and their blends with cotton 
 
All these antibacterial agents, when applied to textiles, do not work in a similar manner 
and their behaviour towards the microorganisms varies from one to the other agents. A 
live bacteria or fungus generally has a cell wall which protects it from the adversity of 
the outer environment. This cell wall or membrane is made of mainly polysaccharides. 
The cell holds the body of the microorganism which consists of other components such 
as a variety of enzymes and nucleic acids. Obviously, the cell wall maintains the 
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metabolism of the cell and plays a vital role in maintaining the integrity of the particular 
microbe. Thus the mortality or growth of the cell depends on the cell wall to a great 
extent. Most of the antibacterial agents work under two main principles: inhibition of 
the growth of the cells (biostatic) and killing of the cell (biocidal). Almost all the 
commercial antimicrobial agents are biocides. They damage the cell wall or inhibit the 
metabolism of the cell by stopping nutrient penetration inside the cell; both are 
necessary for the survival of the cell. 
These antimicrobial agents are either metal or metal salts, quaternary ammonium 
compounds, polyhexamethylene biguanides (PHMB), Triclosan (2,4,4’-trichloro-2’-
hydroxydiphenyl ether), regenerable N-halamine and peroxyacid and some synthetic 
dyes [38]. Other than these a natural biopolymer ‘chitosan’ has been the focus of recent 
research for antimicrobial treatment of textiles. In the present study chitosan was used 
as a film forming agent to incorporate fragrance onto the polyester fabric and also to 
impart antibacterial activity. 
1.5.1. Chitosan as an antimicrobial agent 
Chitosan is a linear polysaccharide composed of randomly distributed β-(1-4)-linked D-
glucosamine (deacetylated unit) and N-acetyl-D-glucosamine (acetylated unit) [39]. 
Chitosan is formed commercially by the deacetylation of chitin, which is the 
compositional element in the exoskeleton of crustaceans such as crabs, shrimps, lobsters 
etc. Preparation of chitosan from chitin is given in Figure 1.18.   
 
Figure 1.18. Deacetylation of chitin to obtain chitosan [38]  
Chitosan has three reactive groups and they are primary (C-6) and secondary (C-3) 
hydroxyl (-OH) groups and the amino-NH2 (C-2) group in each repeat of the 
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deacetylated unit of chitin. Thus it is polycationic in nature. The antimicrobial activity 
of chitosan and its derivatives has been well proven in previous studies but the 
mechanism of the antimicrobial action is yet to be discovered. The most acceptable 
interpretation is that the anionic cell surface of the microbes interacts with the cationic 
chitosan causing extensive cell surface alterations and damage. This leads to inhibition 
of the metabolism of the cell and results in killing the cell [40]. So far it is considered 
that chitosan acts as a biocide for some microbe and as biostatic for others.  
1.5.2. Factors affecting antimicrobial activity of chitosan    
The antimicrobial activity of chitosan primarily depends on its molecular weight (MW) 
[41,42, 43,44,45,46,47,48] and degree of deacetylation (DD)[42,49,50, 51]. Lim [40] 
extensively summarised the effect of MW on the antimicrobial activity of chitosan as 
well as the effect of DD. According to Lim’s review it is complicated to draw a clear 
interrelationship between the MW and antimicrobial activity of chitosan. Usually the 
higher the molecular weight of chitosan, the higher the antimicrobial activity. 
Interestingly enough, over a certain range of MW the antimicrobial activity decreases 
and in this case it also depends on the DD value of the chitosan used, but in terms of 
DD the correlation is much more proportional. As the DD increases which means 
increase in amino (-NH2) groups in each individual repeat unit of chitosan, the 
antimicrobial activity of chitosan increases. This suggests that the protonated amino 
groups increase with increase percentage of DD which evidently increases the chance of 
interaction between the positively charged chitosan and negatively charged cell wall of 
the microorganisms. In addition, the pH [52, 53, 42, 54] and strains of bacteria used [50, 
55] play a vital role on the antimicrobial activity of chitosan. 
Other than its antimicrobial activity, chitosan has been extensively studied for other 
applications such as photography, cosmetics, artificial skin, dressings and wound 
healing, food and nutrition, waste water treatment, dyeing and printing [56]. Chitosan 
also has been investigated for its film forming capability [57, 58, 59]. In a recent study 
Nasar et al. [60] reported that chitosan has been used as a film forming agent/ binder for 
inkjet printing for cotton fabric. The study reports good fixation of pigments when 
cotton was post treated with chitosan and had good laundering fastness. The wet- rub 
fastness of the inkjet printed fabrics was not satisfactory, but the dry-rub fastness was 
moderate to good, which suggests the film formed by chitosan is degradable when 
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subjected to external abrasion. This property can be explored for controlled release 
mechanism of the chitosan finished textiles.  
1.5.3. Evaluation of antimicrobial activity 
There are several methods available for assessment of the antimicrobial activity of the 
treated textile substrates. These methods are mainly divided into two groups. The bulk 
samples are usually tested and evaluated with qualitative procedures to observe the 
antimicrobial activity, whereas the confirmatory or quantitative tests define the 
antimicrobial activity with percentage reduction giving the efficacy of the antimicrobial 
agent assessed. The quantitative tests are more time consuming and give a detailed 
assessment of the efficiency of the antimicrobial agent and are thus appropriate for a 
small number of samples. The available standard methods used to evaluate the 
antimicrobial activity are given in Table 1.13 and procedures for the current study are 
described in section 3.3.5.   
 Table 1.13. Different standard test methods for testing antimicrobial activity  
Agar diffusion tests Suspension tests 
AATCC TM 147 AATCC TM 100 
JIS L 1902-2002 JIS L 1902-2002 
SN 195920-1992 SN 195924-1992 
 
Two bacterial species Staphylococcus aureus (Gram positive) and Klebsiella 
pneumoniae (Gram negative) are recommended in most of the test methods. Strains of 
these two bacteria as shown in Figure 1.19 are used to evaluate qualitative and 
quantitative test methods.  
    
                     
a. Klebsiella pneumoniae [61]                                           b. Staphylococcus aureus [62] 
Figure 1.19 a. Strains of Klebsiella pneumoniae and b. Staphylococcus aureus 
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Both of these bacteria are pathogens and precarious for health, thus requiring safe 
handling. Previous studies undertaken evaluating the antimicrobial properties used 
either the standard procedures or modification of the standard procedures. The 
modification involves using different bacterial strains and exposure time and different 
medium to grow the bacterial strains. 
The International Textile Research Centre of the Hohenstein Institute in Bönnigheim, 
Germany, has introduced a new two stage test method to assess the efficacy of 
antimicrobial textiles. In the opening phase, a microbiological cell model is used in 
which the antimicrobial textiles decelerate the metabolism of microorganisms that 
produce a specific odour substance. Incorporating GC/MS (gas chromatography-mass 
spectrometry) analysis, the formation of the odour substance can be quantified and the 
effectiveness of the antimicrobial materials can be measured. In the next phase, trial 
users apply actual perspiration from their bodies to the textiles in a controlled wear test 
which is done both qualitatively and quantitatively for the odour reduction in 
antimicrobial textiles in comparison with conventional textiles [63].  
The discussion above has dealt with the human nature of smell, antiodour and fragrance 
finishing, as well as the evaluation methods for smell retention. In addition to that, the 
currently utilised antimicrobial finishing agents, chitosan and its application in textiles 
together with the evaluation of antimicrobial activity were discussed. Chapter 2 
discusses further the research concept and hypothesis made for the present study. 
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2. Chapter 2 
Research concept and hypothesis 
The present study investigates the development of 100% polyester automotive fabrics 
with antiodour and antimicrobial properties. To achieve this, chitosan, a naturally 
available polymer, was evaluated as a binder and also as an antimicrobial agent. This 
study also evaluates the slow or delayed fragrance release properties of the chitosan 
finished fabrics and their application to automotive textiles.  
2.1. Research concept 
The objective of this research is to develop a finish using chitosan which will provide 
possible antiodour/antimicrobial attributes to the fabrics that are used in automotive 
textiles. Based on the background research, chitosan, a biopolymer which has inherent 
antimicrobial property and good film forming capability, was selected for application.  
The proposed research also focuses on the selection of textile fabrics and chitosan 
application methods for automotive textiles. Different processes and methods of 
application of chitosan will be studied and developed. It is clear that the overall 
performance of the fragrance finish is dependent on the binder which is used to 
incorporate antiodour/antimicrobial properties to the selected substrates. The binder 
efficiency will determine the lifetime of the finish applied and in addition to that it will 
also affect the release mechanism. The research questions for this study to be addressed 
are: 
1. What is the range of textile-substrates (fibre, fabric type and constructions) that 
can be used in the application of an antiodour/antimicrobial finish for 
automotive use? 
2. What are the finishes that can be used to treat the selected textile substrate to 
achieve antiodour/antimicrobial properties? 
3. What are the methods of application available? 
4. What is the best binder to achieve the objective of effective 
antiodour/antimicrobial finish? 
5. Do the resulting textiles provide enhanced performance compared to what is 
currently available?    
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2.2. Objectives of the study 
Chitosan is a naturally occurring polymer which has been well known for its application 
in textiles for some time. In recent years significant research has been carried out to 
determine its effect and feasibility as an auxiliary for the finishing industry. In addition, 
research conducted in recent times has focused on the film-forming capability of 
chitosan.  
The present study will investigate possible applications of chitosan as a film forming 
agent/binder to effectively retain fragrance oil onto the textile substrate. Previous works 
have shown that chitosan can be used as a surface modification agent that gives a 
cationic charged surface to the fabrics and thereby provides anionic entities to react and 
form electrostatic bonds to adhere to the textile substrate. However, limited work has 
been done so far where chitosan has been used as a binder or as a post-treatment agent 
for application onto textile fabrics.  
The aim of the study is to determine whether chitosan can be effectively used as a 
textile binder for fragrance finishing. Chitosan is also well known for its antimicrobial 
activity and has been the focus point for extensive research over the past decade. This 
research will try to demonstrate that chitosan can be used to impart bi-functional 
properties to the treated automotive textile fabrics. From the background research, 
characteristics of film formed by chitosan were found to be degraded by external 
physical abrasion, this is therefore able to be utilised for the delayed or prolonged 
release of the fragrance carrier particles from the textile substrate. Since automotive 
upholstery undergoes limited general cleaning in its service life, this can be utilised to 
support the hypothesis that chitosan can be used as a binder for prolonged or delayed 
release.  
Two main objectives of this project are:  
1. To investigate whether chitosan can be used as a binder for fragrance carrier 
particles and thereby impart antiodour properties to the fabric.  
2. To evaluate the antimicrobial activity of chitosan treated 100% polyester 
automotive fabrics.  
The knowledge achieved from this study will provide better understanding of chitosan- 
based finishing for polyester fabric. The aim is to apply chitosan as a blend with 
suitable fragrance carrier particles by a simple pad-dry-cure process on automotive seat 
fabrics to give antiodour and antimicrobial properties. 
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2.3. Hypothesis 
The current study aims to use chitosan as a film-forming/binding agent to bind or entrap 
fragrance for 100% polyester fabric to ensure an antiodour or fragrance-finished and 
antimicrobial automotive substrate. The hypothesis comprises the application of 
fragrance microcapsules onto polyester fabric for smell retention and antimicrobial 
properties. The hypotheses made for this investigation are: 
1. Chitosan can hold fragrance oil onto 100% polyester fabric by forming a film 
(Figure 2.1). 
2. When chitosan forms a film that can entrap fragrance onto the fabric, it will 
release the fragrance by external abrasion. 
3. Chitosan may confer antimicrobial properties to the fabric even when used in 
combination with fragrance oil. 
 
Figure 2.1. Schematic diagram of probable film formation of chitosan entrapping 
the fragrance carrier microcapsules onto the polyester fibre surface 
Microencapsulated fragrance entrapped by the chitosan film is estimated to release the 
fragrance when the treated fabric is subjected to abrasion. Capsules that are loosely 
bonded on the surface of the fabric are expected to be released quickly, and hence it was 
proposed that there would occur a sudden drop in the intensity of the smell after initial 
abrasion. Microcapsules bonded more tightly to the fabric surface, and those bonded 
deeper within the fabric are expected to release at a slower rate, and hence in later 
cycles it was likely that smell intensity would decrease gradually. Due to these factors, 
an exponential decay relationship between smell intensity and number of abrasion 
cycles is expected. It is also anticipated that higher concentrations of chitosan would 
decay less rapidly.  
100% polyester fibre 
Chitosan film 
Entrapped microcapsules 
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3. Chapter 3 
Experimental design, methodology and methods 
This chapter discusses the materials and methodology used for the present work. The 
aim was to formulate an experimental design to prove the hypothesis set forth in the 
previous chapter. Based on the background research, polyester fabric was selected as 
about 90% of the automotive upholstery or interior textiles are made of polyester. Four 
different polyester fabrics, both in greige and finished state, were used. Fragrance oil 
and microencapsulated fragrance oil were used to impart the anti-odour functionality to 
the selected polyester fabrics. Commercial binder (RICABOND®) and biopolymer 
chitosan (high and low molecular weight) were used to bind the fragrance oil to the 
polyester fabrics. The polyester fabrics treated with fragrance oil and chitosan were also 
assessed for their antimicrobial efficacy. 
3.1. Materials and equipment used 
Materials of the following specifications were used in the present investigation. The 
specifications were obtained by kind courtesy of the respective suppliers.  
3.1.1. Fabrics 
Fabric 1 (F1):  
100% polyester plain 1×1 weave finished fabric of 110 g/m2 was used. Ends per inch 
were 112 and Picks per inch were 100. 
Fabric 2 (F2): 
100% polyester grey fabric of honeycomb weave structure with 200 g/m2 was used. It 
was scoured and heat set for the further experiments. 
Fabric 1 and fabric 2 were supplied by Macquarie Textiles Pty Ltd, New South Wales 
Australia.  
Fabric 3 (F3): 
100% polyester knitted 4bar warp insert Shelby fabric was used. Shelby is a patterned 
warp knit sinker pile 28 gauge fabric, consisting of one base bar and 2 pile bars using 
two different colours.  Courses per inch (CPI) and wales per inch (WPI) were 48 and 26 
respectively. Fabric width was 145 cm and weight was 300-320 g/m2. 
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Fabric 4 (F4): 
100% polyester woven fabric consisting yarn of 2/250 denier in both warp and weft was 
used. Ends per inch (EPI) were 83-85 and picks per inch (PPI) were 49-51. Fabric was 
constructed in a jacquard loom and fabric width was 157-161cm. Weight of the fabric 
was 280-320 g/m2.  
Fabric 3 and fabric 4 were supplied by Melbatex Pty Ltd. Australia and the 
specifications of the fabrics are tabulated in Table 3.1. 
Table 3.1.  Supplier’s specifications for fabrics 
Properties 
Name Supplier Fibre content Fabric 
construction 
Weight 
g/m2 
EPI/CPI 
PPI/ 
WPI 
Fabric 1 
(F1) 
Macquarie 
Textiles Pty 
Ltd. Australia 
100% polyester 
1×1 
Plain weave 
110 112 100 
Fabric 2 
(F2) 
Macquarie 
Textiles Pty 
Ltd. Australia 
100% polyester Honeycomb 200 80 66 
Fabric 3 
(F3) 
 
Melbatex Pty 
Ltd. Australia 
100% polyester 
yarn dyed 
45.84% and full 
dull 54.16% 
4 bar warp 
insert  warp 
knit 
300-320 48 26 
Fabric 4 
(F4) 
Melbatex Pty 
Ltd. Australia 
100% polyester 
Jacquard 
weave 
280-320 83-85 
157-
161 
3.1.2. Binders 
Binder 1 (B1): 
A commercial acrylic based binder RICABOND® SE supplied by RCA International 
Pty Ltd. was used as per specifications given in Table 3.2. 
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Table 3.2.  Supplier’s specifications for B1 
Properties Measuring unit Value 
Appearance - White liquid with specific odour 
Specific gravity g/cm3 1.05 
pH value 10% solution (water) 4.50-5.50 
Volatility % Percentage 49-51% 
Viscosity@250C Brookfield RVF spindle 120 rpm Approx 50 cps 
 
Binder 2 (B2) and Binder 3 (B3): 
Low molecular weight (LMW) chitosan (B2) and high molecular weight (HMW) 
chitosan (B3) supplied by Sigma-Aldrich Pty. Ltd, Australia, were used for the 
application. The supplier’s specifications of these two binders are given in Table 3.3.  
Table 3.3.  Supplier’s specifications of B2 and B3 
Chitosan 
sample 
Supplier 
Degree of 
deacetylation   
(DD %) 
Molecular 
weight 
Viscosity (centipoise) 
(1% solution in 1% 
acetic acid) 
LMW 
Chitosan 
(B2) 
Sigma-Aldrich 
Pty. Ltd,  
Australia 
95% ~150,000 24 at 25 ºC 
HMW 
Chitosan 
(B3) 
Sigma-Aldrich 
Pty. Ltd,  
Australia 
> 90% < 375,000 ~ 6 at 25 ºC 
3.1.3. Aromatic oil (O) specification 
Strawberry fragrance oil supplied by Brenan Aromatics, Australia was used and the 
supplier’s specification is given in Table 3.4. 
Ingredients 
Dipropylene glycol : 30-60 % 
Diethyl phthalate    : < 10 % 
Other ingredients    : to 100 % 
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Table 3.4.  Supplier’s specification of aromatic oil 
Properties Measuring unit Value 
Appearance _ Colourless to pale yellow 
Solubility _ 
Insoluble in water but soluble in diethyl ether 
and ethanol 
Odour _ Specific odour 
Weight Per millilitre About 1 gram 
3.1.4. Fragrance carrier Microcapsule (MC) Specification 
RICABOND® SE series fragrance carrier microcapsules supplied by RCA International 
Pty Ltd. were used in this study. These are polyacrylic copolymer with 
microencapsulated aromatic agents. Two ranges were used for experiments, namely 
strawberry and peppermint as per specifications given in Table 3.4.  
Table 3.5. Specifications of fragrance carrier microcapsules 
Parameters Measuring unit Value 
Appearance _ A thin white opalescent emulsion 
Specific gravity g/cm3 1.07  
Viscosity@ 250 C cPs 90 maximum 
pH at 10% solution  at 10% solution 4.50-5.50 
Solids content Percentage 48±2 
Tg (Calculated) Degree celsius Approximately -250C 
3.1.5. Laboratory equipment used for experiments and analysis of results 
The following equipment was used to carry out the experiments in the present study. 
 Balances for weighing of chemicals and fabric samples: 
• METTLER PM4800 DELTARANGE measuring balance 
• SARTORIUS BP100 measuring balance 
Magnetic stirrer for mixing of solutions homogeneously: 
• TEXICON gain Mixer 
Padding machine for application of chemicals under controlled conditions: 
• ERNST-BENZ  Laboratory padding mangle 
Drying and curing machine for drying and fixing the applied chemicals to the fabric 
samples: 
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• W. Mathis AG CH-8155 laboratory drying and curing machine  
Evaluation of film formation of chitosan: 
• FEI Quanta 200 ESEM (Environmental Scanning Electron Microscope) 
Determination of Degree of deacetylation of chitosan: 
• Perkin Elmer AutoImage Spectrometer  
• AutoImage Software for instrument control and data handling 
Determination of particle size: 
• Dynamic light scattering ALV instrument 
• ALV Correlator software, version 3.0  
Evaluation of smell intensity: 
• Martindale abrasion resistance testing machine 
• Toyoseiki crockmeter (AS 2001, 43) 
Determination of antimicrobial property: 
• To make nutrient agar plates CM0331 COLUMBIA AGAR BASE was used. 
• Autoclave 
• Laboratory wrist action shaker 
• Incubating chamber 
3.2. Study design and methodology 
There were two main segments of the experiments that were undertaken. 
• Preliminary set of experiments; and 
• Final set of experiments 
To carry out the experiments a set of capsules were designed. All the experiments were 
carried out according to these capsules described in Figure 3.1.  
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Figure 3.1.  Experimental design 
LMW (B2) and HMW (B3) chitosan are tested independently in experimental capsules 
1 and 2 respectively to determine whether they can bind the fragrance oil to the fabric 
(F1). A choice was then made between B2 and B3, based on testing criteria common to 
capsules 1 and 2. The chosen chitosan B2 or B3 is then tested against the commercial 
binder B1 with MC in capsule 3, the effect of different concentrations of the selected 
binder (B2 or B3) on smell retention and antibacterial properties is found in capsule 4, 
and application to commercial fabrics F3 and F4 is tested in capsule 5. 
3.2.1. Preliminary experiments 
These sets were carried out to determine if and to what extent 100% polyester fabric can 
hold the fragrance oil with chitosan as the binding agent. Fabric 1 (F1) and Fabric 2 
(F2) were used for the preliminary set of experiments. 
 
 
Capsule 1 Capsule 2 
B2 B3 B2 1
Capsule 3 Capsule 4 
Capsule 5 
Selection 
B2 or B3 
Preliminary 
sets  
(Capsule 1- 4) 
Final set 
(Capsule 5) 
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3.2.1.1. Experimental capsule 1  
Low molecular weight chitosan (B2) and fragrance oil (O) 
This experiment capsule was carried out to determine whether the LMW chitosan (B2) 
can hold the fragrance oil onto the fabric.  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 3.2. Experimental capsule 1 
1 g/l chitosan was mixed with 1 g/l strawberry oil with the ratio of (oil:chitosan) - 1:1 
(C1), 1:3 (C2), 1:5 (C3) and 1:0 (F1O). The reason behind using the oil without binder 
(F1O) was to observe whether there existed any chemical affinity between the fabric 
and the aromatic oil. The combination was applied by padding at 50-60% wet pickup. 
After padding the samples were air dried at 35 0C and cured at 130 0C for 5 minutes.  
The finished samples were then tested for smell retention according to method 3.3.4 as 
described in page 44. 
 
 
• F = Fabric 
• O = Oil 
• B = Binder 
• C =Concentration 
of oil 
Binder2 + Oil Oil 
Fabric F1 
Pad-Dry-Cure 
F1B2O F1O 
F1B2OC1 F1B2OC2 F1B2OC3 
Testing 
Results 
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3.2.1.2. Experimental capsule 2 
High molecular weight chitosan (B3) and fragrance oil (O) 
This experiment capsule was carried out to determine whether the HMW chitosan (B3) 
can hold the fragrance oil onto the fabric.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.3. Experimental capsule 2 
1 g/l chitosan was mixed with 1 g/l aromatic oil with the ratio of (oil:chitosan)-1:3 (C1), 
1:5 (C2), 1:1 (C3) and 1:0 (F1O). The combination was applied to the fabric (F1) by 
padding at 50-60% wet pickup. After padding the samples were air dried at 35 0C and 
cured at 130 0C for 5 minutes. The finished samples were then tested for smell retention 
according to method 3.3.4 as described in page 44 and results were compared to select 
the better of the two in terms of smell retention. In addition to that the degree of 
deacetylation (DD) of low molecular weight (B2) and high molecular weight (B3) 
chitosan was determined using FTIR (Fourier Transform Infra Red) spectroscopy. 
• F = Fabric 
• O = Oil 
• B = Binder 
• C =Concentration 
of oil 
Binder3 + Oil Oil 
Fabric F1 
Pad-Dry-Cure 
F1B3O F1O 
F1B3OC1 F1B3OC2 F1B3OC3 
Testing 
Results 
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3.2.1.3. Experimental capsule 3 
Comparison of microencapsulated fragrance (MC) with HMW chitosan (B3) and 
commercial binder (B1) 
Selected binder 2 or binder 3 was used to compare with commercial binder (B1) in 
terms of smell retention. Also at this stage film forming capability of chitosan was 
evaluated using scanning electron microscopy (SEM) (method 3.3.1 as described in 
page 43) and particle size of the fragrance carrier microcapsules and its combination 
with chitosan was determined using method 3.3.2 as described in page 43.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4. Experimental capsule 3 
Since the fabric (F2) was in greige state, it was scoured and then washed with 2 g/l 
Lenosan detergent (commercial grade) and was heat set at 150 0C for 1 minute. Then 1 
g/l of chitosan and 10 g/l strawberry microcapsules were mixed in 100 ml of water to 
make the padding liquor. The prepared liquor was then applied to the samples by 
padding at 50-60% wet pickup. RICABOND® (B1) was mixed with the strawberry 
microcapsules with the same ratio of 100 ml solution and the samples were padded at 
• F = Fabric 
• MC = Microcapsules 
• B = Binder 
 
Fabric F1 
Binder1+ MC Binder3+ MC 
Pad-dry-cure 
F1B1MC F1B3MC 
Testing 
 
Results 
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50-60% wet pickup. After padding the samples were dried and then cured at 130 0C for 
5 minutes.   
The finished samples were then tested for smell retention according to method 3.3.4 as 
described in page 44. 
3.2.1.4. Experimental capsule 4 
Investigation of the different concentrations of chitosan (binder 2 or binder 3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.5. Experimental capsule 4 
Four different concentration of chitosan (B2 or B3) 0.1% (C1), 0.3% (C2), 0.5% (C3) 
and 1% (C4) were mixed with 10 g/l strawberry microcapsules to make 100 ml of 
padding liquor. The liquor was applied to the fabric samples by padding with 70-80% 
wet pickup. After padding all the samples were dried and then cured at 130 0C for 5 
minutes. The finished samples were then tested for smell retention according to method 
3.3.4 as described in page 44. Also at this stage film-forming capability was evaluated 
using scanning electron microscopy (SEM) using method 3.3.1(described in page 43) 
Pad-dry-cure 
Fabric F2 
Binder 2 or binder 3 
+MC 
Testing 
 
Results 
• F = Fabric 
• MC = Microcapsules 
• B = Binder 
• C =Concentration of   
               B2 or B3 
F2B2/B3C1MC F2B2/B3C2MC F2B2/B3C3MC F2B2/B3C4MC 
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and antibacterial activity was evaluated using methods 3.3.5.1 (described in page 45 ) 
and 3.3.5.2 (described in page 46).  
3.2.2. Final set of experiments  
3.2.2.1. Experimental capsule 5 
Application of B2 or B3 on commercial fabric 
This experiment capsule was carried out to determine the smell retention and 
antibacterial property of the commercial fabric samples in this present study by methods 
3.3.4, 3.3.5.1 and 3.3.5.2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.6. Experimental capsule 5 
Four different concentration of chitosan (B2 or B3) 0.1% (C1), 0.3% (C2), 0.5% (C3) 
and 1% (C4) were mixed with, 10 g/l strawberry microcapsules make 100 ml of padding 
liquor. The combination was applied to the samples by padding with 70-80% wet 
pickup. After padding, the all the samples were dried and then cured at 130 0C for 5 
minutes. The finished samples were then tested for smell retention according to method 
3.3.4 as described in page 44. Also at this stage film-forming capability was evaluated 
Pad-dry-cure 
 Fabric F3, F4 
Binder2 or 3 + MC 
F3B2/B3MC (C1, C2, C3, C4) 
Testing 
 
Results 
• F = Fabric 
• MC = Microcapsules 
• B = Binder 
• C =Concentration of   
              B2 or B3 
F4B2/B3MC (C1, C2, C3, C4) 
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using scanning electron microscopy (SEM) using method 3.3.1(described in page 43) 
and antibacterial activity was evaluated using methods 3.3.5.1(described in page 45) and 
3.3.5.2 (described in page 46).  
3.3. Methods 
3.3.1. Determination the film-formation capability of chitosan 
Scanning Electron Microscopy (SEM) 
The treated samples from capsule 3 and capsule 4 were investigated by the scanning 
electron microscope to assess the film formation capability of chitosan at different 
concentrations. To characterise the film formation and to observe the morphological 
nature of the chitosan-treated polyester fabric samples, a FEI Quanta 200 ESEM 
(Environmental Scanning Electron Microscope) was used.  
3.3.2. Determination of the particle size of microcapsules and microcapsule and 
chitosan combination 
A dynamic light scattering ALV instrument was used in conjunction with ALV 
correlator Version 3.0 software to obtain the different particle sizes of the samples. For 
determining the microcapsule particle size two ranges of RICABOND® SE series 
strawberry and peppermint were used. For each of the range two readings were taken 
and averaged. Also for chitosan and microcapsule combination solution two readings 
were taken and averaged to get the mean particle diameter. 
This method was used to determine the particle size of the microcapsules and mixed 
solution of chitosan with aromatic microcapsules. The graph obtained from the software 
shows the mean position of the peaks created by the particles present in the tested 
solution. Also it gives the digital value of the mean particle size radius in nanometric 
scale. 
3.3.3. Degree of deacetylation (DD) determination by FTIR spectroscopy 
As discussed in background research about the degree of deacetylation and its effect on 
the antimicrobial activity of chitosan, it was necessary to determine the actual DD of the 
chitosan samples (B2 and B3) used in this study. 
The DD of commercial chitosan samples was determined using a Perkin Elmer 
AutoImage Spectrometer and according to procedures described by Rout [64]. 
AutoImage Software was used for instrument control and data handling. The data for 
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each sample was collected with the following instrument parameters: Gain: 1, 
Resolution: 4 cm-1 and Scans: 32. The KBr (potassium bromide) pellet for each sample 
was prepared by mixing a known amount of chitosan with a known amount of KBr. The 
pellet was placed directly in the beam and the spectrum was calculated and tabulated for 
each sample. The following formula proposed by Rout [64] was used for calculation of 
DD of chitosan samples.  
 
DD = 118.883 – (40.1647 X A1655/A3450)           (3.1) 
Where, A is absorbance at specific wave number and A1655/A3450 is the absorbance 
ratio. 
3.3.4. Testing method for evaluating smell intensity (smell rating method) 
Previous studies show that chitosan film can degrade or disintegrate with physical stress 
such as abrasion. The fragrance microcapsules entrapped by the film formed by chitosan 
are expected to release the fragrance when they undergo abrasion. In the present study, 
simulation of the same phenomenon was designed to evaluate the release property of 
fragrance microcapsules by carrying out successive abrasion cycles under controlled 
circumstances.  
To the best of the author’s knowledge, there is no standard method referred for the 
determination of the smell intensity on textile substrate. For the convenience of the 
present study the following method was incorporated. 
Preparation of samples 
Freshly prepared solutions containing aromatic microcapsules and chitosan were 
applied on polyester fabric samples by the pad-dry-cure process. The fabric samples 
were then kept in a sealed polyethylene bag. These samples were rated 10 (highest smell 
intensity) on the rating scale. The untreated sample was rated 0 (no smell) on the rating 
scale (Figure 3.7). All the samples were kept in controlled laboratory conditions at 
temperature (20 ± 2) 0C and relative humidity of (65 ± 3) %.    
 
  
     
 
 
Figure 3.7. The Smell-rating scale 
0            1             2           3            4           5             6            7            8           9          10 
Untreated 
Control 
  
44 
Procedure: 
The treated controlled fabric samples were subjected to a rubbing action with the 
standard crock meter for 5 cycles each time for calibration of smell intensity for the 
observers. The samples which were needed to be tested were also subjected to 
successive abrasion cycles (10 cycles at a time for each test sample evaluated) until the 
smell dissipated. After every 10 cycles the observation panel was asked to rate those 
particular samples using the smell rating scale given in Figure 3.7. The results were 
recorded using app. 2. Standard wool cloth was used as the abradant and tested sample 
diameter was 2.5 cm. The weight applied was 14 oz.  
Observation panel 
The observation panel consisted of 3 persons who were asked to complete the 
evaluation sheet given in app. 1 and 2 for each fabric sample tested.  
For the experimental capsules 1 and 2 the rubbing and abrasion cycle was not done 
because aromatic oil was used. The samples were tested for smell intensity just after 
letting them out of the sealed polyethylene bag. For the subsequent capsules (capsules 3 
to capsule 5) the above described procedure was followed.  
3.3.4.1. Determination of smell retention with abrasion 
Procedure 
The treated fabric samples were tested for smell retention on successive abrasion cycles 
using a Martindale abrasion resistance Testing machine. The intensity of smell was 
evaluated using the same scale described in method 3.3.4 and Figure 3.7. Successive 
abrasion cycles were carried out for smell retention until the smell completely 
disappeared from the samples. 
3.3.5. Antimicrobial activity test 
The samples were tested using modification of the parallel streak method and 
modification of the shake flask method and the results were evaluated for the 
antimicrobial activity of the treated samples. 
3.3.5.1. Screening test 
Procedure 
The screening test was performed by a modified version of the AATCC TM147 which 
is also known as the parallel streak method or agar diffusion test. This is a qualitative 
method for all commonly found antibacterial agents to evaluate whether there is 
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sufficient antibacterial activity. The antibacterial activity is shown on the plates by a 
clear zone of inhibition. Two bacterial strains S. aureus gram positive (ATCC 25923) 
and K. pneumoniae gram negative (ATCC 13883) were used. An overnight culture was 
diluted to McFarland 0.5 standard solution with saline and was grafted in the nutrient 
agar plates by using an inoculating loop. The inoculating loop was dipped into the 
solution only once and 5 lines were drawn on the agar plates with reduced number of 
bacteria in each line. The fabric samples (25 × 50 mm) were then attached to the 
nutrient agar plates. To attach the fabric, samples were wet using sterile saline. Then the 
plates were incubated at 37 0C for 24 hours. Plates were observed for zone of inhibition. 
The chitosan-treated polyester sample fabrics were tested for their antimicrobial activity 
against Gram positive and Gram negative strains of bacteria S. aureus and K. 
pneumoniae. The grey woven polyester (fabric 2) and two commercial knitted (fabric 3) 
and woven (fabric 4) were tested. Chitosan concentrations of 0.1%, 0.3%, 0.5% and 1% 
were used with 0.1% strawberry microcapsules using the pad-dry-cure method. 
3.3.5.2. Confirmatory test 
Procedure 
The antibacterial activity was evaluated quantitatively using the modified AATCC TM 
100. This method is specially designed for specimens treated with non-releasing 
antibacterial agents under dynamic contact conditions. The test determines the reduction 
in the number of bacterial cells after placing the sample in a shaking flask for 1 hour. K. 
pneumoniae (ATCC 13883), a gram-negative bacterium commonly found on the human 
body, was chosen as the test bacterium.  
A typical procedure was as follows: 1±0.1 g of sample fabric, cut into small pieces of 
approximately 0.5×0.5 cm, was dipped into a flask containing 70 ml of sterile saline 
with an overnight grown culture solution of 5 ml with a cell concentration of 7.5×105–
1.5×106 CFU/ml. The flask was then shaken at maximum speed on a rotary wrist action 
shaker at 37 °C for 1 hour. Before and after shaking, 10 µL of the test solution was 
extracted, serially diluted and spread onto nutrient agar plates. After incubation at 37 °C 
for 24 hours, the number of colonies formed on the agar plate was counted. From the 
number of live bacterial cells in the flask before and after, the shaking, percentage 
reduction was calculated. The counting on the nutrient agar plates was done where the 
bacterial growth of only 30-300 had been found. Antimicrobial efficacy was determined 
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based on duplicated and averaged test results. Percentage bacterial reduction was 
calculated according to the following equation: 
R = (B-A) / B × 100%                (3.2) 
Where, R is the percentage bacterial reduction, B and A are the number of live bacterial 
colonies in the flask before and after shaking for 1 hour. 
All the samples 100% polyester (grey), commercial knitted and woven were tested with 
the concentration of 0.3% HMW chitosan and 0.1% of strawberry microcapsules. 
3.3.6. Data analysis method 
Given the non-quantitative and subjective nature of the collected data (i.e. sensory scale 
data), most statistical techniques, such as analysis of variables, were inappropriate, 
hence analysis was mostly qualitative and ordinal in nature.  
The collected data was individually plotted for each chitosan concentration as average 
scent intensity against number of abrasion cycles. Ordinary least squares trend lines 
were plotted for both exponential and linear decay approximations, and the goodness of 
fit (as represented by R2) of each was examined to determine which decay model better 
fit the observed data. 
The collected data for each chitosan concentration was also plotted together in one plot, 
to examine the relative linear rates of decay of scent for each concentration of chitosan 
in relation to others. Numerical rates of decay were compared ordinally to determine the 
veracity of the experimental hypothesis.   
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4. Chapter 4 
Results and discussion 
This chapter discusses the outcome of the present work according to the experiments 
carried out in Chapter 3. The chapter includes determination of degree of deacetylation 
of chitosan samples using FTIR, particle-size analysis of fragrance oil microcapsules 
and their combination containing chitosan, morphological evaluation of 
chitosan/fragrance oil-treated polyester fabrics using Scanning Electron Microscopy 
(SEM), smell retention by chitosan/fragrance oil-treated polyester fabrics and 
antimicrobial efficacy of chitosan/fragrance oil-treated polyester fabrics.  
Results of the experiments undertaken in this study are discussed in this chapter 
according to the sequence of methodology given in Chapter 3. 
4.1. Results 
4.1.1. Experimental capsule 1  
Low molecular weight chitosan (B2) and fragrance oil (O) 
This experiment aimed to examine whether low molecular weight (LMW) chitosan (B2) 
can hold the fragrance oil onto the fabric. Four solutions with different ratios of chitosan 
to aromatic oil were used to investigate the smell retention (Table 4.1).  
Table 4.1. Smell retention results from experimental capsule 1 
Name 
Ratio of fragrance oil to 
LMW chitosan in 60 ml 
solution 
Wet pick up (WPU) 
% 
Number of days  
smell lasted 
F1O 1:0 59 1 day 
F1B2OC1 1:1 56 2 days 
F1B2OC2 1:3 51 2 days 
F1B2OC3 1:5 54 3 days 
 
From Table 4.1, it can be clearly seen that the fragrance oil without any binder was 
completely dissipated after one day. Whereas the fragrance oil with increasing ratios of 
chitosan showed escalating resistance to evaporation of the oil. This resistance can be 
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attributed to the LMW chitosan present on the fabric and chitosan might be explored for 
fragrance retention capacity. 
4.1.2. Experimental capsule 2  
High molecular weight chitosan (B3) and fragrance oil (O) 
This set of experiment was carried out to see whether high molecular weight (HMW) 
chitosan (B3) can hold the fragrance oil longer compared to B2 onto the fabric, 
assuming higher molecular weight and higher viscosity of B3 would produce better 
results in terms of smell retention [66].  
Table 4.2. Smell retention results from experimental capsule 2 
Name 
Ratio of fragrance oil to 
HMW chitosan in 60 ml 
solution 
Wet pick up 
(WPU) % 
Number of days 
the smell lasted 
F1O 1:0 46 1 day 
F1B3OC1 1:1 56 2 days 
F1B3OC2 1:3 56 4 days 
F1B3OC3 1:5 47 4 days 
 
Table 4.2 shows that the HMW chitosan has given similar kind of results as in 
experimental capsule 1. In sample F1O the smell lasted just for one day. The three other 
samples with increasing amount of chitosan showed that it resisted the evaporation of 
the fragrance oil but lasted for 4 days maximum. Thus capsules 1 and 2, it decisively 
show that both LMW and HMW chitosan cannot entrap the fragrance oil onto the fabric 
as expected. This may be due to the water vapour permeability of the chitosan film and 
the volatile nature of the fragrance oil. Therefore, the fragrance oil in the form of 
microcapsule was studied further by mixing with HMW chitosan (B3) for further study. 
In addition, the degree of deacetylation (DD) for B2 and B3 was calculated to confirm 
the DD values supplied by the manufacturer. DD was determined by using FTIR 
spectroscopy. 
The graphs obtained from the software are given in Figure 4.1 and 4.2 respectively.   
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Figure 4.1.  FTIR Spectrum of B2 (chitosan with DD 90.85%, molecular weight 
190,000 and viscosity 185cps) 
 
From Figure 4.1 the value A1646 was found to be 0.112 and A3443 was 0.199. 
So calculated DD = 118.883 – {40.1647 × (0.112 / 0.199)} = 96.27 
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Figure 4.2.  FTIR spectrum of B3 (chitosan with DD 98%, molecular weight > 
375,000 and viscosity>200cps) 
From Figure 4.2 the value A1635 was found to be 0.124 and A3431 was 0.199. 
So Calculated DD = 118.883 – [40.1647 × (0.124 / 0.199)] = 93.86 
DD of B2 and B3 was calculated from the values obtained in above graphs by using 
equation 3.1 (see Table 4.3). 
Table 4.3.  Calculated DD values of B2 and B3 
Sample Degree of deacetylation (%) 
LMW chitosan (B2) 96.28 
HMW chitosan (B3) 93.86 
 
The calculated DD for both the chitosan samples show fairly close results as supplied 
by the manufacturer.  
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4.1.3. Experimental capsule 3  
Comparison of microencapsulated fragrance (MC) with HMW chitosan (B3) and 
commercial binder (B1) 
This particular set aimed to investigate the use of HMW chitosan with 
microencapsulated fragrance oil and their application on fabric F1. A commercial binder 
(B1) was compared with B3 for its performance on smell retention. 
4.1.3.1. Determination of smell retention with abrasion 
The treated fabrics (F1B1MC & F1B3MC) were tested for smell retention by method 
3.3.4 and the results are plotted in graphs to observe the effect of successive abrasion 
cycles on  smell retention for both binders (Table 4.4, Figure 4.3, Table 4.5, Figure 4.4).  
Table 4.4.  Smell rating results for F1B1MC 
Abrasion Cycles Rating 1 Rating 2 Rating 3 Average 
10 9 9 9 9.00 
20 8 8 8 8.00 
30 7 7 7 7.00 
40 5 6 5 5.33 
50 4 5 4 4.33 
60 3 3 3 3.00 
70 2 2 2 2.00 
80 1 1 1 1.00 
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Figure 4.3. Effect of abrasion cycles on smell retention for F1B1MC 
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Figure 4.3 shows the number of cycles the smell lasted for F1B1MC. The number of 
successive abrasion cycles was plotted against the average smell rating by the observers. 
The smell dissipated at 80 abrasion cycles. 
Table 4.5.  Smell rating results for F1B3MC 
Abrasion Cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 9 9 9 9.00 
30 8 8 8 8.00 
40 8 8 8 8.00 
50 7  7 7 7.00 
60 7 6 7 6.67 
70 6 6 6 6.00 
80 6 5 6 5.67 
90 5 5 5 5.00 
100 4 4 4 4.00 
110 3 3 3 3.00 
120 2 2 2 2.00 
130 1 2 1 1.33 
140 1 1 1 1.00 
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Figure 4.4. Effect of abrasion cycles on smell retention for F1B3MC 
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Figure 4.4 shows the number of cycles the smell lasted for F1B3MC. From Table 4.5 it 
was clear that B3 could retain the smell for 140 abrasion cycles.  In addition, a linear 
trend graph was plotted to compare both outcomes together in Figure 4.5. 
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Figure 4.5. Comparison of smell retention for B1 and B3 
The smell lasted for 80 cycles for B1 whereas for B3 the smell lasted for 140 abrasion 
cycles, which suggests chitosan as a binder is working better in terms of releasing 
microencapsulated fragrance compared to the commercial binder (B1). Therefore, it was 
decided to use B3 as a binder for further investigation. In all further experimentation, 
the concentration of microencapsulated fragrance oil (MC) was kept constant and the 
concentration of B3 was varied from 0.1% to 1%.   
Also at this stage the scanning electron micrograph of the treated samples were 
evaluated for Fabric 1.  
4.1.3.2. Evaluation of film forming capability of HMW chitosan on fabric 1 
The images obtained from the Scanning Electron Microscopy are discussed below. 
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Sample 1(Fabric1) 
Figure 4.6 and 4.7 show the untreated and treated F1 samples at 800 × magnification 
respectively. 
 
            
Figure 4.6. Fabric1 untreated at 800 × magnification showing plain fibre surface 
            
Figure 4.7.  F1B3MC at 800 × magnification showing the chitosan film entrapping 
the microcapsules 
The untreated sample shows the smooth outer surface and it can be clearly seen that the 
treated sample shows a rougher surface due to the film formation of chitosan and the 
presence of microcapsules. Figures 4.8 and 4.9 show the same fabric samples in a 
different location and at 1600 × magnification.   
Chitosan Film 
Deposition of 
microcapsules 
Smooth fibre surface  
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Figure 4.8. Fabric 1 (Untreated) at 1600 × magnification 
 
 
Figure 4.9. F1B3MC at 1600 × magnification 
These pictures also show the rough surface of the treated sample compared to the 
untreated one.  
In addition, the mean particle size of the fragrance microcapsules and the mean particle 
sizes of the microcapsules after their combination with HMW chitosan were examined. 
 
Smooth fibre surface 
Deposition of 
microcapsules 
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4.1.3.3. Determination of particle size of microcapsules and combination of B3 and 
microcapsules 
Particle sizes of the two ranges of microcapsules and the B3 combination with 
microcapsule were evaluated from the graphs (Figure 4.10-4.14) and respective mean 
position of the peaks obtained from the ALV correlator software of the particle size 
analysing equipment. The typical graphs are discussed below. 
• Sample name: mint (reading 1) 
A typical graph obtained from the software shows the Mint (reading 1) sample in Figure 
4.10. 
 
Figure 4.10.  Graph of the mean position of the peaks for mint (reading 1) 
 
The mean position of peaks was found at 789 nm and relative peak width: ± 0.49. This 
mean position of peaks refers to the particle size radius in nanometers. From this the 
diameter of the microcapsule was calculated.  
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• Sample name: mint (reading 2) 
For reading 2 (Figure 4.11) the mean position of peaks were found at 834 nm and the 
relative peak width was ± 0.81 nm. 
 
 
Figure 4.11. Graph of the mean position of the peaks for mint (reading 2) 
• Sample name: strawberry (reading 1) 
For strawberry microcapsules (reading 1) the mean positions of peaks were found at   
768 nm (Figure 4.12) and the relative peak width was ± 0.66 nm. 
 
 
Figure 4.12. Graph of the mean position of the peaks for strawberry 1 
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• Sample name: strawberry (reading 2) 
For strawberry microcapsules (reading 2) the mean positions of peaks were found at   
775 nm (Figure 4.13) and the relative peak width was ± 0.53 nm. 
 
Figure 4.13. Graph of the mean position of the peaks for strawberry 2 
• Sample name: chitosan and strawberry (reading1) 
In the combination of B3 and strawberry microcapsules the mean positions of peaks 
were found at 3109 nm (Figure 4.14) and the relative peak width was ± 0.10 nm. 
 
Figure 4.14. Graph of the mean position of the peaks for chitosan and strawberry 
(reading 1) 
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• Sample name: chitosan and strawberry (reading 2) 
In the combination of B3 and strawberry microcapsules the mean positions of peaks 
were found at 4130 nm and the relative peak width was ± 0.73 nm. 
 
The mean particle size radius was obtained from Figures 4.10-4.14; the mean particle 
diameter was calculated and averaged from two readings and given in Table 4.6. 
Table 4.6. Particle radius and calculated diameter for different samples 
Reading 
 
Sample name 
Mean 
diameter in 
nanometer 
(nm) 
Average of 
mean diameter 
of two readings 
(nm) 
1 1578 
2 
mint 
1668 
1623 
1 1536 
2 
strawberry 
1500 
1518 
1 6218 
2 
chitosan and 
strawberry 8260 
7239 
  
From Table 4.6 it can be observed that both ranges of microcapsules have similar 
particle size in the tested samples. The samples which contained the combination of B3 
and strawberry microcapsules show bigger particle formation. This suggests that 
chitosan in the combination solution forms bigger particles with the individual 
microcapsules. 
4.1.4. Experimental capsule 4 
Investigation of the different concentrations of chitosan (Binder 3) 
In the previous three capsules the postulation that B3 can effectively bind the fragrance 
microcapsules onto the 100% polyester finished fabric (F1) was successfully proved. 
For the current set another fabric (F2) was investigated with different concentrations of 
B3. In addition to evaluating the effect of smell retention on abrasion cycles, the 
antimicrobial activity was also evaluated. 
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4.1.4.1. Evaluation of film forming capability of HMW chitosan on fabric 2 (F2) 
The images obtained from the Scanning Electron Microscopy are discussed below. 
Figures 4.15, 4.16, 4.17 and 4.18 demonstrate the untreated and treated samples of F2 at 
800 × and 1600 × magnification respectively. 
 
          
Figure 4.15.  Fabric 2 (untreated) at 800 × magnification 
           
Figure 4.16. F2B3MCC1 at 800 × magnification 
 
 
Smooth fibre surface 
Deposition of 
microcapsules by 
chitosan film 
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Figure 4.17.  Fabric 2 (untreated) at 1600 × magnification 
 
Figure 4.18.  F2B3MCC4 at 1600 × magnification 
In these pictures we can see the outer surfaces of the fibres in the treated fabric samples 
are rougher than their untreated counterparts, which suggests the presence of chitosan 
has formed a film and bound microcapsules onto the fibre surface.  
4.1.4.2. Effect of abrasion cycles on smell retention  
The treated fabrics (F2B3MCC1 , F2B3MCC2, F2B3MCC3 and F2B3MCC4) were 
tested for smell retention by method 3.3.4 and the results are plotted in graphs to 
observe the effect of abrasion cycles on  fragrance release property for different 
concentration of B3 (Figures 4.19 - 4.22 and Tables 4.7- 4.10).  
Smooth fibre surface 
Microcapsules 
entrapped by chitosan 
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Table 4.7. Smell rating results for F2B3MCC1 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 9 9.67 
20 9 9 9 9.00 
30 8 8 8 8.00 
40 7 7 7 7.00 
50 6 6 6 6.00 
60 5 5 5 5.00 
70 3 3 4 3.33 
80 2 2 2 2.00 
90 1 1 1 1.00 
100 1 1 1 1.00 
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Figure 4.19.  Effect of abrasion cycles on smell retention for F2B3MCC1  
The number of abrasion cycles run and the average smell rating from the observers was 
plotted on X and Y axis respectively to show the effect on smell retention from Table 
4.7. An exponential and linear trend curve was also drawn to observe the goodness of fit 
(R2 value). For 0.1% chitosan, Figure 4.19 shows that the linear trend curve was a better 
fit to the data obtained. The smell dissipated according to the observation panel at 100 
abrasion cycles.   
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Table 4.8.  Smell rating results for F2B3MCC2 
Cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 9 9 9 9.00 
30 9 8 8 8.33 
40 8 7 7 7.33 
50 7 6 6 6.33 
60 6 5 5 5.33 
70 4 4 4 4.00 
80 3 3 3 3.00 
90 2 2 3 2.33 
100 2 2 1 1.67 
110 2 2 1 1.67 
120 1 1 0 0.67 
130 0 1 0 0.33 
 
0.3% chitosan
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Figure 4.20. Effect of abrasion cycles on smell retention for F2B3MCC2 
Similarly for 0.3% chitosan concentration, the graph was plotted from Table 4.8 and R2 
value was compared in Figure 4.18. For both the trend curves it shows very close fit to 
the data obtained. The smell lasted for 130 abrasion cycles. 
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Table 4.9. Smell rating results for F2B3MCC3 
Abrasion Cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 9 9 9 9.00 
30 8 8 8 8.00 
40 8 8 8 8.00 
50 7 7 7 7.00 
60 6 6 7 6.33 
70 6 6 6 6.00 
80 6 6 6 6.00 
90 5 5 5 5.00 
100 5 5 5 5.00 
110 4 4 4 4.00 
120 3 3 3 3.00 
130 2 3 2 2.33 
140 2 2 2 2.00 
150 1 1 1 1.00 
160 1 1 1 1.00 
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Figure 4.21. Effect of abrasion cycles on smell retention for F2B3MCC3 
Figure 4.21 was plotted in a similar manner from Table 4.9 and the linear trend fitted 
better than the exponential approximation. The smell lasted for 160 cycles for 0.5% 
chitosan concentration. 
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Table 4.10.  Smell rating results for F2B3MCC4  
Abrasion Cycles Rating 1 Rating 2 Rating 3 Average 
10 9 9 9 9.00 
20 9 9 9 9.00 
30 8 9 8 8.33 
40 8 8 8 8.00 
50 8 8 8 8.00 
60 8 8 8 8.00 
70 7 7 7 7.00 
80 7 6 6 6.33 
90 6 6 6 6.00 
100 5 5 5 5.00 
110 5 5 5 5.00 
120 5 4 4 4.33 
130 3 3 4 3.33 
140 3 3 3 3.00 
150 2 2 2 2.00 
160 2 2 2 2.00 
170 1 1 1 1.00 
180 1 1 0 0.67 
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Figure 4.22. Effect of abrasion cycles on smell retention for F2B3MCC4 
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For 1% chitosan concentration, the graph was also plotted from Table 4.10 and the 
linear trend curve had a better fit to the observed data showed in Figure 4.22. The smell 
intensity lasted for 180 cycles for 1% chitosan-treated fabric.  
In addition, a graph was plotted to compare all the outcomes together in Figure 4.23. 
The linear trend curves for all the four samples were compared against each other to 
observe the effect of increasing amounts of chitosan concentration.  
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Figure 4.23. Comparison of different concentrations of chitosan on smell retention 
Figure 4.23 also suggests that the film formed by chitosan strengthened as the chitosan 
concentration increased from 0.1% to 1.0%. Considering the linear trend curve from the 
equation  y = mx + c where m is the decay rate, the calculated values of decay rate for 
0.1%, 0.3%, 0.5% and 1% chitosan-treated samples were  0.1067, 0.0844, 0.0588 and 
0.0522 respectively. This clearly suggested that the decay rate decreased with the 
increasing concentrations of chitosan.   
Figures 4.24, 4.25, 4.26 and 4.27 show the surface morphology of fabric 2 after 
undergoing successive abrasion cycles. 
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Figure 4.24. F2B3MCC1 at 412 × magnifications after 100 abrasion cycles 
 
 
 
        
Figure 4.25. F2B3MCC2 at 400 × magnifications after 160 abrasion cycles 
Intact 
Microcapsules  
Intact 
Microcapsules  
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Figure 4.26. F2B3MCC3 at 400 × magnifications after 160 rubbing cycles 
          
Figure 4.27. F2B3MCC4 at 400 × magnifications after 180 rubbing cycles 
The presence of the chitosan film and the microcapsules are much more visible in these 
pictures. This may be attributed to the abrasion cycle as it exposed the inner structure of 
the fabric more than the figures previously discussed in this chapter. It can be clearly 
seen that after abrasion there are still a lot of microcapsules intact inside the fabric 
structure which may need harsher conditions to remove or to release.     
4.1.4.3. Antibacterial testing 
F2 treated with different concentration of B3 was evaluated for its antibacterial activity 
with both Gram-negative K. pneumoniae and Gram-positive S. aureus bacterial strains 
using methods 3.3.5.1 and 3.3.5.2. The results are discussed below.   
Intact Chitosan Film 
entrapping microcapsules   
Intact 
Microcapsules  
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F2 against K. pneumoniae 
In Figure 4.28 the control sample shows growth of bacteria all over the sample. A 
noticeable growth of bacteria underneath and surrounding the edges of the untreated 
fabric was observed. This clearly implies that the fabric could not resist the growth of 
the bacteria. Whereas the treated samples in Figures 4.29-4.32 show better resistance to 
the bacterial growth and no growth over or under the fabric was observed. The 
inhibition of bacteria was more in 0.1% and 0.3% than 1% chitosan-treated samples.  
  
 
                         
Figure 4.28.  F2 control untreated 
                          
Figure 4.29. F2B3MCC1 
Bacterial growth 
on the edges  
 No bacterial growth 
on the edges  
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Figure 4.30. F2B3MCC2  
 
Figure 4.31. F2B3MCC3 
 
Figure 4.32. F2B3MCC4 
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F2 against S. aureus 
The treated samples showed similar resistance as in the case of Gram-negative bacteria 
in Figure 4.33. 
 
Figure 4.33. Treated samples against gram positive S. aureus, clockwise from top 
left 0.3%, 0.5%, 0.1% chitosan-treated and the control untreated respectively 
As the chitosan-treated samples showed good resistance against Gram-negative K. 
pneumoniae the samples were tested against the Gram-positive S. aureus. To quantify 
the inhibition of bacterial growth against Gram-negative K. pneumoniae for fabric 2, the 
confirmatory antibacterial test was carried out with 0.3% concentration of B3. The rate 
of reduction was calculated using equation (3.2) and results are given below in Table 
4.11. 
Table 4.11.  Confirmatory test result for F2 against K. pneumoniae 
Sample 
Experiment 
number 
Bacteria count 
before shaking 
Bacteria count 
after shaking 
Reduction % 
1 244 0 100% 
2 298 0 100% 
Fabric (F2) 
F2B3C2MC 
 3 253 0 100% 
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Figure 4.34. Control (top) before shaking and treated sample (bottom) after 
shaking of F2 grafted on agar plate 
From Table 4.11 the 3 sets of experiments carried out with F2 treated with B3 (0.3% 
concentration) shows very good resistance against the Gram-negative K. pneumoniae 
(Figure 4.34). In addition to that, it was observed the presence of microcapsules in 
combination with chitosan did not reduce the antibacterial property of chitosan. This 
suggests that B3 can effectively be used for binding the microcapsules onto the fabric as 
well as act as an antibacterial agent simultaneously. 
4.1.5. Experimental capsule 5 
Application of B3 on commercial fabric F3, F4 
From the experimental capsule 4 it was demonstrated that B3 can effectively hold the 
microcapsules onto the 100% polyester grey fabric (F2). The results of treating F3 and 
F4 with different concentrations of chitosan and microencapsulated fragrance were 
evaluated for smell retention and antibacterial property. 
4.1.5.1. Effect of abrasion cycles on smell retention  
The treated fabrics (F3B3MCC1, F3B3MCC2, F3B3MCC3 and F3B3MCC4) and 
fabrics (F4B3MCC1, F4B3MCC2, F4B3MCC3 and F4B3MCC4)  were tested for smell 
retention by method 3.3.4 and the results are plotted in graphs to observe the effect of 
abrasion cycles on  smell retention for different concentrations of B3 in Figures 4.35- 
4.38 and 4.40-4.43 respectively. The numerical results are given in Tables 4.12-4.15.   
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4.1.5.1.1. Fabric 3  
Smell rating results are presented in Tables 4.12 - 4.15. The effect of abrasion cycles on 
smell retention is demonstrated in Figures 4.35 - 4.38 respectively.   
Table 4.12.  Smell rating results for F3B3MCC1 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 9 9 9 9.00 
30 8 8 8 8.00 
40 7 7 7 7.00 
50 6 6 6 6.00 
60 5 5 6 5.33 
70 4 4 4 4.00 
80 3 3 3 3.00 
90 2 2 2 2.00 
100 1 1 1 1.00 
110 1 1 1 1.00 
 
0.1% Chitosan
y = 16.908e-0.0241x
R2 = 0.9236
y = -0.0955x + 10.848
R2 = 0.9928
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Figure 4.35. Effect of abrasion cycles on smell retention for F3B3MCC1 
The average smell rating of the observers was plotted from Table 4.12 against the 
number of abrasion cycles and exponential and linear trend curves were drawn to 
observe the goodness of fit by R2 value. For 0.1% chitosan the linear curve fitted better, 
having higher R2 value in Figure 4.35. The smell lasted for 110 cycles.     
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Table 4.13.  Smell rating results for F3B3MCC2 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 9 9 10 9.33 
20 8 8 9 8.33 
30 7 7 8 7.33 
40 7 6 7 6.67 
50 5 6 5 5.33 
60 5 5 6 5.33 
70 4 4 4 4.00 
80 3 3 3 3.00 
90 2 2 2 2.00 
100 2 2 2 2.00 
110 2 2 2 2.00 
120 1 1 1 1.00 
130 1 1 1 1.00 
 
0.3% Chitosan
y = 13.495e-0.0194x
R2 = 0.9602
y = -0.072x + 9.4487
R2 = 0.964
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Figure 4.36.  Effect of abrasion cycles on smell retention for F3B3MCC2 
Also for 0.3% chitosan concentration, a similar graph was plotted from Table 4.13. For 
this concentration of chitosan, the R2 value showed a similar fit for both the trend lines 
in Figure 4.36. The smell lasted for 130 abrasion cycles.  
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Table 4.14.  Smell rating results for F3B3MCC3 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 10 9 9 9.33 
20 9 8 8 8.33 
30 8 7 7 7.33 
40 7 7 7 7.00 
50 7 7 7 7.00 
60 6 6 6 6.00 
70 5 5 5 5.00 
80 4 4 5 4.33 
90 4 4 4 4.00 
100 4 4 3 3.67 
110 3 3 3 3.00 
120 2 2 2 2.00 
130 2 2 2 2.00 
140 2 2 2 2.00 
150 1 1 1 1.00 
160 1 1 1 1.00 
 
0.5% Chitosan
y = 12.924e-0.0147x
R2 = 0.9459
y = -0.0556x + 9.2917
R2 = 0.9791
0.00
2.00
4.00
6.00
8.00
10.00
12.00
0 50 100 150 200
Number of Cycles
Sm
el
l i
n
te
n
si
ty
Average
Expon. (Average)
Linear (Average)
 
Figure 4.37.  Effect of abrasion cycles on smell retention for F3B3MCC3 
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For 0.5% chitosan-treated fabric, a similar graph was plotted from Table 4.14. The R2 
value was higher for the linear trend (Figure 4.37), which suggests it was a better fit. 
The smell lasted for 160 abrasion cycles.  
Table 4.15.  Smell rating results for F3B3MCC4 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 9 9 9 9.00 
20 8 8 8 8.00 
30 7 7 7 7.00 
40 7 7 7 7.00 
50 7 6 6 6.33 
60 6 6 6 6.00 
70 5 5 5 5.00 
80 5 4 4 4.33 
90 4 4 4 4.00 
100 4 4 3 3.67 
110 4 4 3 3.67 
120 3 3 3 3.00 
130 2 2 2 2.00 
140 2 2 2 2.00 
150 1 1 1 1.00 
160 1 1 1 1.00 
170 1 1 1 1.00 
 
1% Chitosan
y = 12.26e-0.0138x
R2 = 0.9159
y = -0.0515x + 8.9417
R2 = 0.984
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Figure 4.38. Effect of abrasion cycles on smell retention for F3B3MCC4 
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A similarly-plotted graph for 1% chitosan concentration from Table 4.15 shows higher 
R2 value for the linear trend curve (Figure 4.38) and the smell intensity lasted for 160 
abrasion cycles for this particular concentration.   
Additionally, a graph is plotted for each of the F3 samples to compare all the outcomes 
for each concentration together in Figure 4.39. 
Effect of different concentration of chitosan on smell intensity 
for fabric3
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Figure 4.39. Comparison of different concentrations of chitosan on smell retention 
  
The similar trend as discussed previously in capsule 4 for fabric 2 was followed by 
fabric 3, except for that the smell lasted from 110 to 170 cycles (Figure 4.39). A similar 
phenomenon was observed when the linear curve was plotted for the four concentrations 
together. The calculated value of m (decay rate) from the equation y = mx + c were 
0.0955, 0.0720, 0.0556 and 0.0515 for chitosan concentrations of 0.1%, 0.3%, 0.5% and 
1.0% respectively. This clearly suggests that the chitosan film was stronger to 
successive abrasion and retained the microcapsules for longer duration from 0.1% to 
1.0% ascending concentration of chitosan. 
 
4.1.5.1.2. Fabric 4 
Smell rating results are presented in Tables 4.16 - 4.19. The effect of abrasion cycles on 
smell retention is demonstrated in Figures 4.40 - 4.43 respectively. 
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Table 4.16.  Smell rating results for F3B3MCC1 
Abrasion cycles Rating  1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 10 10 9 9.67 
30 8 8 8 8.00 
40 8 7 7 7.33 
50 7 7 7 7.00 
60 6 6 6 6.00 
70 6 5 6 5.67 
80 5 4 4 4.33 
90 3 3 3 3.00 
100 2 2 2 2.00 
110 1 1 1 1.00 
120 1 1 1 1.00 
 
0.1% chitosan
y = -0.0871x + 11.076
R2 = 0.9851
y = 17.178e-0.0215x
R2 = 0.8872
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Figure 4.40.  Effect of abrasion cycles on smell retention for F4B3MCC1 
The average smell rating of the observers was plotted against the number of abrasion 
cycles from Table 4.16 the smell lasted, and the exponential and linear trend curves 
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were drawn to observe the goodness of fit by R2 value. For 0.1% chitosan the linear 
curve fitted better, having higher R2 value (Figure 4.40). The smell lasted for 120 
cycles.     
 
Table 4.17.  Smell rating results for F3B3MCC2 
Abrasion Cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 8 8 8 8.00 
30 6 6 6 6.00 
40 6 6 6 6.00 
50 6 6 5 5.67 
60 5 5 5 5.00 
70 4 4 4 4.00 
80 4 4 4 4.00 
90 4 3 3 3.33 
100 3 3 3 3.00 
110 2 2 2 2.00 
120 2 2 2 2.00 
130 2 2 1 1.67 
140 1 1 1 1.00 
 
0.3% Chitosan Woven
y = 11.541e-0.0152x
R2 = 0.9567
y = -0.0591x + 8.8388
R2 = 0.9314
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Figure 4.41. Effect of abrasion cycles on smell retention for F4B3MCC2 
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Also for 0.3% chitosan, a similar graph was plotted from Table 4.17. For this 
concentration of chitosan the R2 value showed a better fit for the exponential trend than 
the linear one (Figure 4.41). The smell lasted for 140 abrasion cycles. 
 
Table 4.18.  Smell rating results for F3B3MCC3 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 10 10 10 10.00 
30 10 9 9 9.33 
40 9 9 9 9.00 
50 8 8 8 8.00 
60 8 7 8 7.67 
70 7 7 7 7.00 
80 7 7 7 7.00 
90 7 7 7 7.00 
100 7 6 6 6.33 
110 6 6 6 6.00 
120 4 4 4 4.00 
130 4 4 4 4.00 
140 4 3 4 3.67 
150 3 3 3 3.00 
160 2 2 3 2.33 
170 1 1 1 1.00 
 
0.5% chitosan
y = -0.0539x + 11.049
R2 = 0.9705
y = 14.564e-0.011x
R2 = 0.8206
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Figure 4.42. Effect of abrasion cycles on smell retention for F4B3MCC3 
For 0.5% chitosan-treated fabric, a similar graph was plotted from Table 4.18. The R2 
value was higher for the linear trend as seen in Figure 4.42, which suggests it was a 
better fit than the exponential trend curve. The smell lasted for 160 abrasion cycles. 
Table 4.19.  Smell rating results for F3B3MCC4 
Abrasion cycles Rating 1 Rating 2 Rating 3 Average 
10 10 10 10 10.00 
20 10 10 10 10.00 
30 9 9 9 9.00 
40 9 9 9 9.00 
50 9 9 8 8.67 
60 8 8 8 8.00 
70 8 8 8 8.00 
80 7 7 7 7.00 
90 7 7 7 7.00 
100 7 6 7 6.67 
110 6 6 6 6.00 
120 6 6 6 6.00 
130 5 5 4 4.67 
140 4 4 4 4.00 
150 4 4 4 4.00 
160 3 3 3 3.00 
170 3 3 3 3.00 
180 2 2 2 2.00 
190 2 2 2 2.00 
200 1 1 1 1.00 
210 1 1 1 1.00 
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1% Chitosan
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Figure 4.43. Effect of abrasion cycles on smell retention for F4B3MCC4 
For 1% chitosan concentration, a graph (Figure 4.43) was also plotted and the linear 
trend curve had a better fit to the observed data from Table 4.19. The smell intensity 
lasted for 210 cycles for 1% chitosan treated fabric.  
Additionally, a graph is plotted for each of the F4 samples to compare all the outcomes 
for each concentration together in Figure 4.44. 
Comparison of different concentration of Chitosan for Fabric4
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Figure 4.44. Comparison of different concentrations of chitosan on smell retention 
for F4 
It was observed that for fabric 4, the trend was similar to fabrics 2 and 3. The retention 
of smell for fabric 4 was similar to  fabric 2 and fabric 3 except the smell lasted from 
120 to 210 cycles. This may be attributed to the bulkiness and structure of fabric 4. The 
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calculated value of m (decay rate) from the equation y = mx + c were 0.0871, 0.0591, 
0.0539 and 0.0474 for chitosan concentrations of 0.1%, 0.3%, 0.5% and 1% 
respectively. The trend of decrease in relative rate of decay suggests the chitosan film 
was stronger with increasing concentration, which increased the durability of smell with 
successive abrasion cycles.   
Another finding from the plotted graphs for each smell rated samples of F2, F3 and F4   
0.3 % concentration of chitosan showed the R2 value was a similar or better fit for the 
exponential decay approximation than for the linear trend. A graph was also plotted 
showing the comparison between F2, F3 and F4 for 0.3% concentration (Figure 4.45). 
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Figure 4.45. Comparison of F2, F3 and F4 on smell retention for 0.3% chitosan 
concentration 
Figure 4.45 shows the comparison of smell intensity for F2, F3 and F4. Linear decay 
approximations to the observed data had an overall better fit to experimental data than 
exponential decay approximations, as reflected in the R2 values for each trend line, 
although it is not possible to test the significance of this difference given the non- 
quantitative nature of the data. These linear trends may be a smaller linear segment of a 
larger exponential trend.  It was also observed that the average linear rate of decay 
decreases for an increase in chitosan concentration, which suggests the chitosan film 
strengthened with increasing amount of concentrations. 
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4.1.5.2. Antibacterial testing 
Fabrics F3 and F4 treated with different concentrations of B3 were evaluated for 
antibacterial activity with Gram-negative K. pneumoniae strain using methods 3.3.5.1 
and 3.3.5.2. The results are discussed below.   
4.1.5.2.1. F3 against K. pneumoniae 
The control untreated sample showed bacterial growth all over the fabric sample (Figure 
4.43). The treated F3 samples showed resistance to bacterial growth (Figures 4.46- 
4.50) compared to the huge number of bacterial colonies grown in the control fabric 
sample.  
               
Figure 4.46.  F3 control untreated 
              
Figure 4.47. F3B3MCC1  
Growth on the fabric 
No growth on the 
fabric 
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Figure 4.48.  F3B3MCC2 
 
Figure 4.49.  F3B3MCC3 
 
Figure 4.50.  F3B3MCC4 
The F3 samples treated with 0.1% and 0.3% of B3 (Figures 4.47 and 4.48 respectively) 
showed better resistance in terms of inhibition towards the bacteria. 
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4.1.5.2.2. F4 against K. pneumoniae 
A similar phenomenon was observed for fabrics F2, F3 and F4 samples (Figure 4.51-
4.55). The samples with B3 showed better resistance against the bacteria compared to 
the control fabric sample. An observation was that the 0.3% B3 treated sample showed 
better resistance compared to the other samples.   
 
            
Figure 4.51.  F4 control untreated 
 
           
Figure 4.52.  F4B3MCC1 
Growth on the fabric 
No growth on the 
fabric 
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Figure 4.53.  F4B3MCC2 
 
Figure 4.54.  F4B3MCC3 
 
Figure 4.55.  F4B3MCC4 
To quantify the inhibition of bacterial growth against Gram-negative K. pneumoniae for 
F3 and F4 a confirmatory antibacterial test was carried out with 0.3% concentration of 
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B3. The reduction percentage was calculated using equation (3.2) and tabulated in Table 
4.20 and 4.21 respectively.  
Table 4.20.  Confirmatory test results for F3 against K. pneumoniae 
Sample 
Experiment 
number 
Bacteria count 
before shaking 
Bacteria count 
after shaking 
Reduction in 
percentage% 
1 244 0 100% 
2 298 0 100% 
Fabric (F3) 
F3B3MCC2 
 3 253 1 99.6% 
 
Table 4.21.  Confirmatory test results for F4 against K. pneumoniae 
Sample 
Experiment 
number 
Bacteria count 
before shaking 
Bacteria count 
after shaking 
Reduction in 
percentage% 
1 244 1 99.6% 
2 298 0 100% 
Fabric (F4) 
F4B3MCC2 
 4 253 0 100% 
 
 
Figure 4.56  Control untreated for F3 and F4 
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Figure 4.57. Chitosan-treated F3 and F4 respectively showing no bacterial growth 
on agar plate 
The above results show that 0.3% concentration of chitosan and 0.1% strawberry 
microcapsule-treated samples were very effective in killing the Gram-negative bacteria 
K. pneumoniae (Figures 4.56 and 4.57). Based on the screening test, the chitosan 
concentration of 0.3% was used for the confirmatory tests and the bacterial strain of K. 
pneumoniae was used. Further studies can be undertaken to determine the minimal 
inhibitory concentration (MIC) of chitosan and using the Gram-positive bacterial 
strains. 
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4.2. Discussion 
In the present study HMW chitosan with molecular weight greater than 375,000 was 
used. High molecular weight chitosan was reported previously to have good film- 
forming ability and this is because of its intra-and inter molecular hydrogen bonding 
[65]. 
The results from experimental capsules 1 and 2 show that binders B2 and B3 were not 
able to retain the fragrance oil (O) onto the treated fabric surface for a long duration. 
The identical observation from both of the experimental sets was that, after application, 
the applied strawberry oil by LMW and HMW chitosan lasted for 4 days only. This may 
be due to the volatile nature of the fragrance oil and characteristics of the film formed 
by chitosan. In a study by Caner et al. [58] reported the high moisture permeability of 
chitosan films. This indicates that chitosan film is unable to hold onto the volatile 
fragrance molecules within its film structure. Hence it can be inferred that the nature of 
the chitosan film and volatile nature of the fragrance oil both were responsible for this 
outcome.  
To overcome the durability issue of the fragrance oil application, microencapsulated 
strawberry oil was selected for application in experimental capsule 3. The polyester 
fabric F1 was treated with both HMW chitosan and the commercial binder 
RICABOND®. Both were compared with each other for smell retention. The results 
show that in terms of retention of smell, HMW chitosan performed better than the 
commercial binder. The film formed with HMW chitosan was evaluated from the SEM 
pictures. The micrographs taken using the SEM confirm the morphological aspect of the 
chitosan film as well as the presence of microcapsules containing fragrance oil. This 
supports the hypothesis made in the current study.  
In another study on chitosan films Sezer et al. [57] reported that the water vapour 
permeability of chitosan film decreases with increasing amounts of concentration of 
chitosan. In experimental capsule 4 of this study the concentration of HMW chitosan 
was varied from 0.1% to 1%, keeping the microencapsulated fragrance concentration at 
10 g/l, to investigate the effect of different concentrations of chitosan on smell retention. 
The retention of the fragrance smell that was measured by the amount of smell retained 
after successive abrasion cycles was found to be higher with the increased 
concentrations of chitosan. The resistance to the release of the microencapsulated 
fragrance during the successive abrasion is attributed to the increased strength of the 
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film formed by chitosan with increasing concentration. In other studies on chitosan 
films Nunthanid et al. [59] and Cevera et al. [66] reported that for the HMW chitosan 
the tensile strength of the film is greater and the strength of the film increases with 
increasing molecular weight of chitosan. This agrees with current study finding that 
HMW chitosan can form a film to entrap microcapsules onto the fibre surface 
effectively and the increasing concentration of chitosan slows down the release of the 
microcapsules with successive abrasion cycles. Although the fragrances lasted from 100 
to 180 abrasion cycles for all the samples, the SEM pictures (Figures 4.24-4.27) 
demonstrate that there is still a large amount of microcapsules left inside the interstices 
of fabric structure. This may be due to the amount and nature of load applied in the 
abrasion testing machine. The surface abrasion could only remove the film formed on 
the fabric surface and hence the microcapsules which are loosely held or just adjacent to 
the substrate surface were removed by abrasion and fragrance was released. But the 
microcapsules which are entrapped deep inside the structure of the fabric with chitosan 
film were still intact and need harsher conditions to release the fragrance. 
Finally, in capsule 5 two commercial fabrics were evaluated for smell retention with the 
same amount of varying concentration of HMW chitosan and the results were similar to 
capsule 4. The retention of smell increased with increasing concentrations of chitosan 
again, suggesting the film formed by chitosan was stronger with the increase in 
concentration. The comparison of the smell rating results for F2, F3 and F4 on 
application of 0.3% chitosan concentration is shown in Figure 4.45, with 0.3% level 
showing close or a better fit to the exponential decay approximation, which suggests 
this particular concentration may be optimum for 10 g/l microencapsulated fragrance. 
Furthermore, in capsule 4 and capsule 5 the antimicrobial activity of the treated samples 
was evaluated both qualitatively as well as quantitatively. The qualitative tests 
undertaken for all three fabrics F2, F3 and F4 show similar kinds of results. In normal 
practice, evaluation of antimicrobial activity of a treated substrate is measured by the 
existence of a zone of inhibition and its diffusibility in the agar medium. An 
immobilised antimicrobial agent will not show a zone of inhibition [38], [67]. A 
common observation for all the treated samples is that chitosan treated samples did not 
show a clear zone of inhibition as suggested in the test method. The reason behind such 
behaviour is of chitosan’s non-diffusibility in the agar medium to resist the bacterial 
growth. However, it was observed that it resisted the growth on and underneath the 
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fabric and as well as the surrounding of fabric in the agar plates for all the treated 
samples.  
Based on the screening qualitative tests the 0.3% HMW chitosan and 10g/l 
microencapsulated fragrance treated samples were subjected to quantitative tests. All 
the tested samples showed excellent efficiency against the gram negative bacteria. This 
also agrees with the previous studies [60] undertaken under similar circumstances but 
with cotton fabric and without any aromatic microcapsules. Hence it can be seen that 
the strawberry microcapsules did not inhibit the antibacterial property of chitosan which 
supports the hypothesis made for the present study. Further investigation can be carried 
out with the chitosan concentration remaining constant and increasing the amount of 
microencapsulated fragrance.   
4.3. Limitations of the study 
• The main limiting factor is the lack of quantifiable results for the smells emitted 
by fabrics after testing. Better equipment such as a gas chromatograph or other 
devices that can measure the quantity and distribution of airborne particles 
would allow for better data collection and analysis.  
• The design of smell testing procedure may have introduced bias into the results, 
as fabrics were presented to testers in order of abrasion, that is they were 
presented at regular intervals of 10, 20, 30 etc. cycles. This may have introduced 
an expectation that scent intensity would decrease in some perceived pattern, as 
testers may have noted this constant decrease in the first few samples. This 
could be ameliorated by presenting the testers with randomly selected test 
articles after random abrasion, rather than the same article after sequential 
abrasion cycles. 
• The low resolution of the adopted scent scale test means that fine trends in the 
data may not be represented. 
• 0 to 10 scale was uncallibrated for each tester. This is ameliorated somewhat by 
taking the mean of three test results for each of the cycles, but it may mask some 
trends in the decrease as 0-1 may not be the same difference as 9-10, since the 
scale is purely subjective. If testers were presented with some calibrated 
standardised scent scale to compare against, this problem would be reduced 
although not eliminated. 
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• Abrasion may not represent the true smell volatility from the fabric, as it was 
found that other limitations such as stretching and flexing of the fabric may have 
caused further smell to be released. These effects were not examined. 
• Procedures for the distribution of fragrance particles and binder may have 
resulted in different outcomes to abrasion testing given the different contact 
areas of various fibres, combined with their likelihood to stretch under the 
abrasion testing. These effects were not examined.  
• The durability antimicrobial finishing by chitosan was not assessed. 
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5. Chapter 5 
5.1. Conclusion 
From the background research in chapter 1, polyester fabric was selected as the 
probable application for fragrance finishing to achieve antiodour and antimicrobial 
attributes of automotive seat fabrics. Chitosan, a natural biopolymer, was selected as a 
binder for its inherent antimicrobial and film forming attributes. The hypotheses made 
for the study along with the research concept was discussed in chapter 2. The 
experimental design was divided in two sections, preliminary and final, as given in 
chapter 3. The preliminary sets of experiments have dealt with the application of 
fragrance oil onto polyester substrates by LMW and HMW chitosan as a binder and are 
compared with a commercially-available binder in terms of smell retention. The final 
set of experiments was designed to evaluate the application of fragrance oil onto 
commercially available automotive seat fabrics for smell retention and antimicrobial 
properties. 
Results from preliminary experiments show that the fragrance oil is not suitable for 
application in polyester as the fragrant effect was not durable. The fragrance oil in 
microencapsulated form was further studied in the subsequent experiments. The results 
demonstrated that the film formed by HMW chitosan can successfully entrap the 
microencapsulated fragrance oil onto the polyester fabric surface, and the resulting 
fragrant effect was durable compared to the previously-used crude fragrance oil. The 
microencapsulated fragrance oil finished with chitosan attributed to the storing and 
releasing the fragrance. In addition, it increased durability of the fragrant effect 
compared to the commercially available binder for microcapsules; but by no means this 
finish is a solution to the permanent durability of fragrance as fragrant effect was 
observed for approximately 200 abrasion cycles only. Whereas, usually the lifetime of 
automotive upholstery is about 50,000-100,000 cycles. Further research should be 
carried out to develop the durability of the fragrant effect compared to the lifetime of 
the automotive upholstery. The slow-release property of fragrance was achieved by 
external abrasion. For the evaluation of the smell retention, a new method was designed, 
developed and used for the scope of the current study. Preliminary experimental results 
also suggest that the antimicrobial attribute of chitosan is not inhibited when used in 
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combination with the microencapsulated fragrance oil, and indicate excellent 
antimicrobial activity for the treated fabric samples. 
The results from the final set of experiments confirm that use of HMW chitosan can be 
explored further for commercially-available seat fabrics for fragrance finishing and 
antimicrobial properties. The current study concluded that natural biopolymer chitosan 
can be utilised for automotive application to achieve antiodour and antimicrobial 
properties.        
5.2. Recommendation 
1. The size of the microcapsules may be designed to facilitate the maximum 
number of microcapsules per unit area of the substrate. 
2. Gas chromatographic evaluation of the release of the fragrance may be 
incorporated to determine the exact amount of fragrance particle projection after 
each abrasion cycle. 
3. The optimal amount of fragrance microcapsules can be determined by keeping 
the chitosan concentration constant with varying concentrations of microcapsule 
solution. 
4. The chemical bonding of chitosan and polyester substrate will have to be 
increased further and methods for this have to be explored. 
5. The scope of application can be extended to home textiles, aromatherapy textiles 
and biomedical textiles. 
6. MIC of chitosan can be determined and optimised by reduced amounts of 
chitosan concentration. 
7. The desired fragrance of the finished textile substrate can be tailored by using 
different essences of fragrance and by microencapsulating them. 
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5.3. Appendix 
1. Appendix 1: Questionnaire for smell rating  
Date: 
 
Questionnaire (Please put a tick if appropriate): 
 
1. Did you have a cold in last 7 days?                    Yes                No 
 
2. Did you have spicy food?                                Yes                 No 
 
3. Did you use any perfume or body spray?       Yes                 No 
 
4. Did you smoke/drink?                                      Yes                 No 
 
5. Did you wash your hands?                               Yes                No                      
 
 
For experiment use  : 
Experiment set         : 
Time                        : 
 
2. Appendix 2 : Rating of smell: 
 
Observer 
 
Sample1 Sample2 Sample3 Sample4 Sample5 Sample6 Sample7 Sample8 Sample9 Sample10 
           
           
           
           
           
           
 
Rate on the scale of 0-10 
0 = No smell 
10 = Controlled sample 
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